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ABSTRACT 

The effects of a popular fitness program was studied upon 41 
sedentary adults: 8 female and 4 male were in a training 
group (A), 10 female and 7 male were in a training plus diet 
information group (B)}, and 6 female and 6 male acted as a 
controls group (C). Subjects were tested prior to the 
beginning of the program and at the end of the classes, 
i.e., 12 weeks after. The following dependent variables were 
analyzed: body weight and fat, systolic and diastolic blood 
pressure, three day dietary recall, post exercise heart 
rate, serum lipids, serum glucose and serum uric acid. 

Significant decreases in post exercise heart rate, 
resting systolic and diastolic blood pressure were observed 
in the second test in group A and B. No significant dietary 
alteration and no changes in percent body fat were 
noticeable in group A, B and C during the study. Serum 
analysis showed no significant changes in cholesterol, 
lipoproteins, lecithin cholesterol acyl transferase, glucose 
and uric acid: | 

No correlation was found between those who positively 
modified their serum composition and either: a better 
changed diet, a higher increase in activity rate, an 
increase in predicted VO2 max, or a higher percent body fat 


loss. 
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I. INTRODUCTION: 

Our way of living has changed considerably in the last 
few decades. In the past, man had to do physical work, while 
presently in North America, the progress in technology has 
slotted the majority of the labor force into physically 
passive types of jobs. This evolution affects our welfare 
and fitness. In some aspects it has been very beneficial, a 
greater variety and availability of foods, a decrease in 
infectious diseases, and an increase in life expectancy. 
This is partly due to public investment in welfare and 
social security. We also have better transportation, better 
communication facilities, and increased productivity. 
However, in other ways it has been detrimental. Many people 
suffer from an excess of weight, malnutrition, and an 
increase in environment-related diseases, such as 
cardio-vascular and hypokinetic. Bouchard et al. (1974) has 
suggested ambition and motivation has decreased due to 
social security, and stress has increased due mainly to the 
lack of strategies to cope with life in our "civilized" 
society. 

Government awareness to the need of physical activity 
has changed dramatically in the late sixties and seventies. 
New programs such as Participaction, Fitness Ontario En 
Forme, Shape-up of Alberta, and Kino-Quebec, show the 
interest in adult physical fitness programs. Similarly, 
professional associations and private companies have become 


involved in popular health programs or informational 
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campaigns (American Heart Association 1972, 1973, 1974, 
1977; Canadian Health Foundation, 1975; Freese, 1980; Sante 
et Bien-Etre Social Canada, 1980; Zohman, 1979 ). Also, 
private physical fitness and diet center’s fare increased, 
in numbers well above the population or economic growth. A 
parallel increase in participation of Canadian adults in the 
programs reflects a desire to achieve a better physical 
condition and protection against diseases. In 1974, Heaith 
and Welfare Canada (Lalonde) outlined the major causes of 
death in Canada for each age group and sex starting at age 
thirty for men and forty for women. Cardio-vascular disease 
(CVD) is a major cause of death for these age groups in both 
sexes. 

Many factors have been identified as cardiac risk 
indexes. Age, sex, heredity, blood cholesterol, blood 
pressure, cigarette smoking, diet, body fat, lipoproteins, 
lack of exercise, diabetes, serum uric acid (SUA), stress, 
and type A personality are the most common. Several 
epidemiological studies and controlled experiments have 
shown, within their limits, that training and diet can 
influence cardiac risk factors. But very few studies deal 
with more than three factors, and it is rare that the 
training and diet interaction is studied. Recently, the 
lipoproteins have received much attention as a risk factor 
for CVD. The research relating lipoproteins and the 
individual’s health status is now regarded as an important 


tool in assessing risk. In addition, the atherosclerotic 
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processes are closely related to lipoprotein metabolism. 

In the aging process, man has a tendency to accumulate 
negative factors of the risk index, i.e., systolic and 
diastolic blood pressure increases (Humerfelt, 1963), blood 
glucose increases (Keen et al., 1965), SUA increases (Klein 
et al., 1973), and plasma total cholesterol and low density 
lipoprotein (LDL-Chol) increases. High density lipoprotein 
cholesterol (HDL-Chol) increases, but at a lower rate (Tamir 
et al., 1979). Very low density lipoprotein cholesterol 
(VLDL-Chol) and triglycerides (TG) increase with age up to 
55 and then tend to decrease (Tamir et al., 1979; Gotto, 
1978). A study of how these factors may be changed in 
sedentary adults, a group who tend to be high risk, may 
assist in the establishment of preventive programs for CVD. 
In addition the examination of blood changes in such a study 
would help in understanding the mechanisms related to these 
risk factors. 

The purpose of this study was to monitor a physical 
fitness program and the diet composition of sedentary adults 
and to see the effect upon working capacity, body fat and 
selected blood parameters, including some related to 
lipoprotein metabolism. Secondly, this investigation 
proposed to distinguish the effect of the fitness program 
between the males and females, and how information from 
popular pamphlets relating to diet and cardiovascular 


disease can influence these adults. 
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Several limitations may affect the findings of this 
investigation other than subject selection. Control of diet 
and activity levels depended on the subjects’ willingness to 
cooperate or ability to complete the study. Difficulties in 
methods of data collection and reliability and accuracy of 


measurement may also have restricted the interpretation of 


the obtained results. 


IT. REVIEW OF LITERATURE 
This chapter contains a review of literature pertaining to 
the effect, primarily, of training, and secondly, of diet, 
on lipoprotein composition, lecithin:cholesterol-acy] 
transferase (LCAT), blood glucose, SUA, blood pressure, body 
weight and physical work capacity. The review is limited to 
studies dealing with normal subjects, i.e., hypertensive, 
diabetic or hyperlipoproteinemic subjects are considered to 
be a different population, since they have a different 


metabolism from normal subjects. 


A. Lipoproteins and Risk Factors 

Traditionally, cholesterol and TG are regarded as the 
main lipid determinations related to CVD. In the past 
decade, lipoprotein levels have received more consideration: 
this is due partly to a better understanding of lipoprotein 
metabolism, new techniques for determination and because of 
their high level of predictive power for CVD. 

Cholesterol is well Known as a risk factor. In the 
early 1900's investigators demonstrated that by feeding 
large amounts of cholesterol to rabbits, it was possibie to 
produce arterial lesions similar to those found in human 
atherosclerosis (Anitschkow 1967). By observing 1900 middle 
aged men over a period of 20 years, Shekelie et al. (1981) 
supported the conclusion that lipid composition of the diet 
effects serum cholesterol concentration and the risk of 


coronary death. Criqui et al. (1980) noted that subjects who 
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are in the 70th percentile or above have a much higher 
predictive, value which is in accordance with Kesteloot 
(1978) who noted that cholesterol appears to be the most 
important discriminant between normal and pathological 
groups. Although these studies strongly support cholesterol 
determination as a powerful indicator, it should be noted 
ihatithe majority-of it is carrted: bythe LDL-Chol and is 
also present in esterified and unesterified forms. 
Therefore, it may be only a part of a more complex pathway 
for prediction of CVD. 

The evidence supporting the adverse effects of high [TG 
in the blood is well documented (Connor, 1979; Gotto, 1978; 
Greten, 1978; Maccoby, 1977). But in recent years the 
lipoproteins have received much attention in an attempt to 
understand their relationship to cardio vascular-disease. 
The research relating lipoproteins and the health of 
individual is now regarded as an important tool. 
Lipoproteins were being related to CVD in the early fifties 
(Marx 1979), but received ee attention in the 
mid-seventies. This increased concern with lipoproteins was 
brought about by the work of Miller and Miller (1975), who 
observed that the body cholesterol poo! increases with 
decreasing HDL-Chol, but is unrelated to plasma 
concentration. They suggested that HDL-Chol may Keep body 
cholesterol down by facilitating its excretion through the 


liver for catabolism and excretion. 
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HDL-Chol is a strong, though negative, risk factor at 
all ages (Gordon, 1977, 1979; Witzum, 1979). It has 
predictive power for cardio-vascular disease four times 
greater than LDL-Chol and eight times that of plasma 
cholesterol. 

The prediction power is increased when HDL2-Chol is 
studied, whereas HDL3-Chol is not as meaningful (Miller, 
1878). Though several epidemiologic surveys confirmed the 
inverse and independent relationship between HDL-Chol and 
the incidence of CVD (Gordon 1977a, 1976; Steja, 1978), the 
exact role of HDL-Chol metabolism is still under current 
investigation. The present literature suggests that 
HOD-Chol, through’ the action of "LCAT, facilitates the 
removal of cholesterol. Via lipoprotein lipase (LPL) 
activity, HDL-Chol helps to prevent lipid deposits (Norby, 
1978) and makes its transport possible to the liver for 
Catabolism andeexcretionui Mir) ler mio75). Pinalllly; Sit is 
Known that free cholesterol from HDL-Chol is more rapidly 
incorporated into biliary cholesterol than free cholesterol 
from EBE=Chol .Schawartzeeo7Sie 

LDL-Chol is a strong positive risk factor, particularly 
at younger ages (less than 60 years), while VLDL- Chol is 
more controversial (Kennel, 1971; Witztum, 1979). Evidence 
exists to implicate these especially when associated with 
elevations of LDE=Chol tCarsony 1972) Salel, 19/74 Streja; 
1978). LDL-Chol brings cholesterol from the liver to 


peripheral cells, particularly in aortic smooth muscle 
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cells, vascular endothelium and fibroblasts (Bondjers, 1976; 
Carew, 1976; Nestel, 1978), while HDL-Chol removes it. 
Witztum (1979) suggested the possibility that for any given 
level of plasma cholesterol, the ratio of LDL-Chol to 
HDL-Chol determines risk rather than the absolute levels of 
each. This ratio seems more appropriate since it is an 


indication of cholesterol deposit-removal. 


B. Effects of training on lipoproteins 

Much research has been done on human subjects and 
through the years the research has become more 
sophisticated. Present research has considered more than 
cholesterol or lipids, by looking at lipoprotein cholesterol 
levels. in this part of the review, the epidemiological 
studies will be looked at first, followed by the research 
dealing with the effect of training. 

Wood (1976) investigated concentrations of fasting 
plasma cholesterol, TG and lipoproteins in 41 active men, 
ages 35-59, comparing them to a control group of the same 
age (Table 1). A simple calculation of LDL-Chol, HDL-Chol 
yielded a value 2.02 for the active group while it was 3.24 
in the control. This is interesting, since in the recent 
literature it is this: ratio that seems to be an important 
measure in the CVD risk index. Similar results were found by 
Lehtonen and Viikari (1978) when they compared lumber jacks 
and electricians. They observed a significantly higher 


HDL-Chol and a lower TG in the first group. 
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Plasma Chol., TG and LPP in Active Men and Control 
(modified from Wood, 1976) (levels in mg %} 
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Thomas (1980) did a cross-sectional study of runners to 
determine whether a relationship existed between total 
mileage run per week and the plasmal HDL-Chol. The 
non-runner group had a 34 mg%, the intermediate mileage 
(20-39 miles/week) had a 53 mg%, and the high mileage (40 
miles/week) had a 69mg% HDL-Chol level. Even if there was a 
significant difference in the age of the groups, HDL-Chol 
concentrations were positively and significantly correlated 
with average weekly mileage run. 

Krauss (1977) found similar results from HDL-Chol 
levels, but he also studied the HDL2-Chol and HDL3-Chol 
subfractions. Both subfractions were higher among runners 
and the HDL-Chol subfraction was more significant. The 
apolipoprotein A-I (apo AI), but not the apolipoprotein A-II 
(apo AII) has been found to be increased in well-trained 
men. Wood (1978) reported similar results for the HDL2-Chol 


subfraction, apo AI and apo All levels. 
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Nikkila (1878) found a higher mean level of HDL-Chol 
and lipoprotein lipase (LPL) in muscle and adipose tissue 
among long distance runners versus control males. In 
combined groups of male runners and controls, there was a 
highly significant positive correlation (R2=.72) between 
serum HDL-Chol level and LPL activity of adipose tissue. 
Enger (1977) compared cross-country skiers with untrained 
subjects and the study showed a significantly higher 
HDL-Chol and HDL-Chol/total cholesterol ratio among the 
trained subjects. Cooper (1976), with a less sophisticated 
method of measurement, found significantly higher levels of 
TG and cholesterol among unfit subjects. Hartung et al., 
(1980a) observed a significantly higher HDL-Chol (65 mg%) in 
high mileage runners, while low milage were at 58 mg&% and 
inactive subjects were at 50 mg%, but it seemed that 
physical activity alone was not the only explanation. 
Nutritional patterns may also influence marathon runners and 
joggers, because they were eating less meat, bacon and 
sausage than sedentary subjects (Hartung, 1980b). 

The above studies suggest that among endurance trained 
subjects, the HDL-Chol, HDL2-Chol and apo AI levels are 
significantly higher, while the LDL-Chol is lower when they 
are compared to untrained subjects. 

TG decreases significantly with training (Goode et al., 
1966; Hunter et al., 1972; Holloszy, 1964; Lampman, 1977; 
Lopez, 1974; Simovelli, 1978; Hartung, 1980b) however, 


Gettman (1976) and Milesis (1976) found no significant 
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change in a sample which seemed to be normal (jail inmates). 
These subjects had low TG levels (range 85-111 mg%) while in 
other studies (Cooper, 1976) higher vaiues were found. The 
discrepancy in results may be due to their diets, (Sante et 
Bien -Etre Social Canada, 1980) their age, which is fairly 
low (20-30 years) and pre-training level (Lampman, 1977). 
The cholesterol level studies remain very 
controversial. Some studies have indicated a significant 
decrease in cholesterol levels following a training program 
(Golding, 1961; Milesis, 1974; Melish, 1974; Squires et al., 
1979; Hicks et al., 1980) and others found no significant 
change (Holloszy, 1964; Goode et al., 1966; Lopez, 1974; 
Gettman, 1976). As mentioned for TG, the serum cholesterol 
seemed to decrease, particularly in subjects whose levels 
were high initially (Montoye, 1959; Cambell, 1968; Milesis, 
1974), however, total serum cholesterol is not an indication 
oF itshdistribut tonsaneng 4 itpeproevetn “fractions:.HDis-Choll 
increases significantly as a result of training (Altekruse 
and Wilmore, 1973; Lopez, 1974; Squires, 1979; Farrel, 1980; 
Hicks, 1980; Kinsman, 1980}, with best results coming from a 
high intensity of training (80-85% of VO2 max, 3 times/week, 
20-60 min/session, for 12 weeks). LDL-Cho] has been found to 
significantly decrease with training (Altekruse and Wilmore, 
1973; Kinsman, 1980) while VLDL-Chol has also been shown to 
decrease (Altekruse and Wilmore), which may be strongly 
related to the decrease of TG in their study. Ready (1980) 
foundsnossiannbrcant i change tm aRblU-Chol sandabDE-VEDL-Chol 
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from a training program, but when the analysis of variance 
made from the ratio of HDL-Chol/LDL-VLDL-Chol, the results 
were very significant (0.001), therefore showing that 
exercise may influence the lipid levels. Similar changes 
were observed with coronary disease patients (Hartung et 
al., 1981) showing an increase in HDL-Chol and 
HDL-Chol/total chelesterol. This study, and the others 
mentioned, strongly suggest that lipoprotein levels or 
ratios are significantly altered by exercise training in 
young and old individuals. Allison and Immarino (1980) 
observed, in spite of an increase of VO2 max in their 
training program, an average decrease of HDL-Chol, but they 
found that their subjects increased their dietary fat, which 


may have influenced their results. 


C. Diet and prevention programs on CVD 

Though the primary purpose of this study does not deal 
with the effect of diet on lipoproteins, the evidence 
supporting the need of a good diet as part of a preventive 
policy against CVD warrants the necessity to include a 
review of this area. 

Many factors are considered important as a preventive 
measure. The eating of breakfast, fibers, refined sugar, 
salt alcohol, cholesterol, poly-unsaturated fatty acids 
(PUFA), TG, plus nibbling habits, cigarette smoking, 
sleeping, weight, stress and physical activity are among the 


most often named (Merchant, 1978; Rodnick and Bubb, 1978; 
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Epstein, 1979; Thomas, 1979; Wiley and Camacho, 1980; 
Breslow and Enstrom, 1980). The current understandings of 
dietary influence is strong enough to acknowledge the need 
for a control in food composition as a preventive measure 
againts CVD (Rifking et al., 1979), and international 
comparisons of lipid composition of the diet and CVD tend to 
support this (Sakai et al.,°1977; Turner; 1978). Finally, 
Shekelle et al., (1981) in a study lasting 20 years, showed 
that subjects with low scores, i.e., high relative PUFA and 
low cholesterol intake, had a lower death rate. This study 
supports the idea that dietary cholesterol and PUFA may be 
related to atherosclerosis. The mechanism suggested was an 
alteration in the structure or composition of plasma 
lipoproteins and their metabolism, which seems to be in 
accordance with previous parts of this study. 

Giving information to the population in order to lower 
the CVD risk factors has shown significant results 
(Arntzenius et al., 1978), even though the approach was 
neither agressive, nor continuous, 1.e., no pressure was 
exerted. It was up to the subject to follow the instructions 
which were given at four month intervals for one year. The 
results were a decrease in cholesterol, systolic and 
diastolic blood pressure, cigarette smoking and body weight. 

Dietary advice with respect to cholesterol, PUFA, and a 
complex carbohydrate combined with training have resulted in 
positive changes in lipoprotein components, i.e., increased 


HDL-Chol (Squires et al., 1979; Hicks et al., 1980). Squires 
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et al. were not able to demonstrate a significant difference 
between the training group and a group that was given 


dietary recommendations. 


D. Diet and training upon LCAT activity 

In the present study, the role of LCAT is regarded as 
the Key enzyme related to the serum cholesterol metabolism. 
This enzyme converts lecithin with an unesterified 
cholesterol({UC) of HDL-Chol to a cholesteryl! ester (CE). 
Also, it promotes the non-enzymatic transfer of lecithin and 
UC from sources such as chylomicron remnants and plasma 
membranes to HDL-Chol and LDL-Chol (Leiss et al., 1978; 
Glomset, 19798; Hoplins and Barter, 1980; Barter and Jones, 
1980). This enzyme is the main factor responsible for the 
presence of CE in the blood within the lipoproteins, and the 
CE from LDL-Chol may be absorbed by arterial endothelial and 
smooth muscle cells and therefore contribute to 
atherosclerotic plaques. Also LCAT activity has an indirect 
effect of physiological importance. This enzyme may diminish 
the surface stability of VLDL-Chol and permit LPL 
penetration (Cramp and Trickner, 1978). In addition the UC, 
but not the CE, inhibits the LPL. Thus, LCAT seems to play 
an integrative role in TG clearance (Norby and Norum, 1978; 
Waa lentamnectmade -4 1 Sreur 

Dobiasova and -Vondra (1978) studied lipid 
concentrations and expressed these as ratios of LCAT 


activity and TG, CE and UC. These calculated ratios clearly 
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show that when LCAT is low, TG are low, and when TG are 
high, as in obese subjects, LCAT is also high. 
Unfortunately, lipoprotein levels were not reported and the 
LCAT of this study is a fasting one, therefore the low LCAT 
and TG jevel in normal sujects may stem from their higher 
integrative role in LCAT activity in post-alimentary lipemia 
with.chylomicron-and VLDL-Chol -and HDL=-Chol. This last 
assumption is partly supported by the study of Rose and 
Juliano (1977), who showed a significant increase in LCAT 
activity after a high-fat test meal along with TG (r=.93, p 
0.01). It seems, therefore, that normal individuals may show 
a lower TG level under fasting conditions mainly due to 
higher LCAT activity after lipid absorption. The higher LCAT 
activity.is dué to HDL-Chol concentration which is Known to 
contain apo AI which stimulates LCAT activity. While the 
LCAT/CE ratio seems to be a constant, regardless of the 
group (Table 2), the LCAT/UC ratio tends to indicate that 
LCAT activity rate is dependant on the substrate level 
(cholesterol), i.e, low UC would be related to high LCAT 
activity. This contradicts Lacko et al. (1977), who showed 
that the correlation of LCAT levels with UC in males is 
r=0.78 (p 0.005). The methodology does not seem to be the 
reason for the discrepancy, since in both studies they used 
the procedure of Glomset (1968).The best explanation may be 
that, in the Dobiasova and Vondra study, subgroups were used 
(obese, hyperlipidemic, etc.) while with the Lacko et al. 


correlation, only normolipemic subjects were used. 
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Nevertheless, further study seems necessary to explain such 
results and to assess if a relationship exists between LCAT 
and other lipoprotein subfractions. Leiss et al. (1978) | 
tends to confirm Lacko’s et al. results, but they used a 
different technique to determine the LCAT level. 

Presently, the literature contains evidence that LCAT 
activity may be related to CVD by the enzyme mobilization of 
cholesterol from atherosclerotic lesions. Unfortunately, the 
results are contradictary. Bernstein and Bernstein (1978) 
found no significant results between LCAT activity and the 
severity of the coronary diseased vessels. But Sodhi et al. 
(1980) showed that the activity of the enzyme was highest in 
patients with normal coronary arteries, and a stepwise 
decrease existed in the activity of the enzyme as the extent 
of the coronary artery disease increased from one to three 
vessels. In addition, only this last study reported 
lipoprotein levels while significantly lower HDL-Chol was 
found in triple vessel coronary artery disease compared with 
normal vessels. This may be due to higher apo AI in normal 
subjects. 

Larking and Sutherland (1977) in their study found that 
rats fed with safflower oil compared with animals fed with 
butter, beef fat or normal diet, had lower UC and 1G while 
the total cholesterol remained the same. The low LCAT 
activity with the experimental group is explained by the low 
levels of UC and TG as supported by Rose and Juliano (1976), 


Lacko et al. (1978), Pinon et al, (1980) and Miller et al 
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Etprd Concentration and.Basal UCAT Activity 
(modified from Dobiasova and Vondra, 1978) 


Males LCAT TG ECAR Gr muGwmeG AT AUCTECEY SECT E/CE 


ee a i ei a a i i i 


normal 65 94 84 | 1 

obesity 18 ake 156 OF iu 

diabetes 29 102 239 0.45 78 Teo 20a 0.020 

epee 22 104 250 0 1 1 
0 1 


PCAT: micro mole/}i-hr, CE and UC: micromole/ti "HPL IIl= 
hyper lipoproteinemia II, IM= ischemic myocardium. 


(AG7S MOM tiervet ait 19759. foundathat UCATPactivity 
decreased in men when the diet was rich in PUFA in men. 
This seems to contradict the general theory based on 
the fact that LCAT has a higher specificity for 
esterification when the fatty acid in position two of 
lecithin is unsaturated (Sgoutas, 1972), and therefore, a 


PUFA diet should cause an increase in LCAT activity. A 


feasible explanation is that the LCAT activity may increase 


in the first stage of a PUFA diet. Furthermore, after an 
extended period on the diet, the enzyme activity decreases 
due to the lack of available substrate UC (Larking and 
Sutheland, 1977) and the product inhibitors CE may control 
the esterification rate. 

At the present time, little is Known of the effect of 


diet on cholesterol esterification in the lipoprotein 
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subfraction. A decrease in caloric intake, as well as a 
decrease in lipids, and the nature of the lipids, may vary 
the cholesterol composition of diferent lipoproteins, which 
could explain Shekelle’s (1981) results more clearly. Thus, 
diet may influence total cholesterol mainly by a decrease in 
UC while CE remains the same or higher. In humans HDL-Chol 
increases from an appropriate diet and is negatively 
associated with VLDL-Chol and LDL-Chol (Hulley et al., 
1979), while caloric restriction seems to decrease HDL-Chol 
and increase LDL-Chol as a consequence of the low turnover 
of exogenous and endogenous triglyceride-rich lipoproteins 
(Taskinen and Nikkila, 1979). However, this latter 
experiment lasted a few days, while the preceding was 
epidemiological. Nevertheless, population studies showed 
that lipoprotein levels are influenced by diet (Connor, 
1979). A diet influencing the level of UC and CE in humans 
is not Known, but determining these changes would add new 
information regarding the effect of diet on lipoproteins. 

Some studies are now considering the cholesterol 
esterification (Yashiro et al., 1980) and are finding 
significant changes from training (Table 3). 

First, it should be noted that mice lipoprotein levels, 
ratio, and metabolism differ from humans. But many parallels 
can be made, tempting one to suspect interesting changes 
using physical training on human subjects. Results in Table 
3 show a remarkable increase in HDL-Chol/LDL-Chol ratio in 


the exercising group, a ratio that is Known to be negatively 
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Effect of Voluntary Exercise on Mice Cholesterol 
and ‘LCAT (modified tromayashiro, 1979!) n=836)} 


NEgreot +o  l2h 0 SIS0re CeO sae cu Home era! 3.64 
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Levels in mg %. 
NE= non exercise group. E=exercise group. 


related to CVD. This is concomitantly related to an increase 
in LCAT activity. Meanwhile, changes in cholesterol levels 
are especially interesting when comparing CE/UC, which is 
4.84 in the control group and 5.63 in the exercising group, 
showing an increased ratio with higher LCAT activity. 

These results are in accordance with those of Simko and 
Kelley (1979) who had an increased LCAT activity. Lower 
biliary cholesterol level was explained as a result of 
regular exercise, which promoted the transport of peripheral 
cholesterol to the liver during the aanrod OfPachiv Ely. Libis 
last assumption is interesting since training is Known to 
increase HDL-Chol/LDL-Chol ratio which is considered 
antisclerotic. 

Unfortunately, studies with human subjects attempting 
to determine the effect of training on cholesterol 
esterification does not exist. Evidence from animal studies 
suggest a possible role of LCAT on changes of cholesterol 


levels and lipoproteins. But a single relationship from LCAT 


20 


with another blood component may not be found, since the 
enzyme activity may depend on a combination of substrate 
availability, product removal and lipoproteins 

(Thanabalasingham et ai., 1980). Only one study has shown 
increased LCAT activity with humans from training (Lopez, 
1974).The enzymatic activity was determined in only five 


subjects who were medical students with a low lipid profile. 


E. Blood glucose and physical fitness 

Even though this study is concerned with normal adults, 
it is still pertinent to consider the side effects of high 
blood glucose and special cases, such as diabetes mellitus. 
Middle-aged men who are normoglycemic, but have a 
pathological oral glucose tolerance test {OGTT) have an 
increased risk of developing diabetes (Jarret and Keen, 
1976), and CVD is more common among these men (Keen et al., 
1965; Garcia et al., 1973; Ostrander and Lamphiear, 1976). 
In addition, intermittent claudication is generally more 
common in diabetes (Garcia et al., 1973). Myocardial 
infarctions from autopsies revealed a two-fold incidence 
from diabetes (Michell and Schawrtz, 1965). Even mild 
impairment of OGTT is associated with an increased frequency 
of atherosclerotic phenomena (Keen and Jarret, 1975), or the 
risk of CVD increases parallel to the response of OGTT 
(Amsterdam, 1977). Also, it should be noted that abnormal 
OGTT is associated with other CVD risk factors, i.e., 


obesity and hyperlipidemia. Thus, glucose intolerance should 
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be considered as a significant CVD risk factor because of 
its association with other factors. 

Basal plasma insulin and plasma glucose are 
significantly reduced following periods of physical training 
in both obese (Le Blanc et al., 1978; Sterky, 1971) and 
normal subjects (Cooper et al., 1976; Davidson et al., 1966; 
Rennie and Johnson, 1974; Le Blanc et al., 1977; Ruderman et 
al., 1979), partly because exercise training produces an 
enhanced sensitivity to insulin (Le Blanc et al., 1977). 

Le Blanc et al., (1979) studied the effect of training 
among 18 subjects, aged 18-30 years. They observed a 
significantly reduced insulin response to the OGTT in the 
better trained subjects, and fasting blood glucose was lower 
in the best-trained subjects. Ruderman et al., (1979) 
studied the effect of a training program over a period of 
3-6 months. The mean age of the six subjects was 52 and they 
showed a high fasting blood glucose with deficient insulin 
secretion but none were under medication. The subjects 
trained at home 30min/day, five times/week with OGTT being 
given 6 days before training, 6 days after training and 14 
days after training. Training improved OGTT, but this 
improvement was not maintained in the absence of exercise, 
as another 8 days of inactivity led to a significant 
decrease in glucose disappearance even though the 
improvement in VO2 max was maintained. Saltin et al., (1979) 
studied normoglycemic subjects who had a pathological OGTT 


(or chemical diabetes) with a mean age of 48 and were not 
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more over-weight than age-matched controls. Group A trained 
two times/week and received appropriate diet information at 
the beginning (n=25; observations made at 0, 6 and i2 
months). Group B trained as group A but without dietary 
information (n=11 ; observations made at 0 and 3 months). 
Group C received only dietary information. The results 
showed that men with chemical diabetes had a 20% lower VQ2 
max. VO2 max increased with only dietary advice but was 
insignificant for several men in the group. OGTT improved 
for all three groups but was normalized only in group A. 
Insulin levels during OGTT were reduced for groups A and B, 
however, the reduction in plasma insulin concentration was 
insignificant in group C after three months. Finally, Cooper 
et al., (1976) on a large scale epidemiological study of 
2,998 men with an average age of 44.6 years, observed a 
significantly higher glucose level from the very poor (111.0 
mg%) to poor (107.3 mg%), compared to excellently fit (103.4 
mg%) subjects. 

The mechanism normally related to that change in OGTT 
and blood glucose can be explained. Normally by their 
training highly fit parsons are used to high catecholamine 
secretion which facilitates repeated enhanced catecholamine 
secretion by severe exercise which gradually diminishes the 
capacity of the pancreas to secrete insulin (Von Euler, 
1974: Le Blanc, 1979). This latest explanation might not 
describe the results of Saltin (1979), where the subjects 


were submitted to a mild training program. Saltin suggested 
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that a small quantity of muscle glycogen remaining after 
prolonged exercise will increase the proportion of glucose 
passing the liver and permit more glucose to be taken up by 
peripheral tissues. Finally, Ruderman (1979) suggested that 
physical training, of a previously inactive patient with 
mature-onset diabetes, enhances his ability to dispose of an 
intravenous giucose load due to an enhanced sensitivity to 


endogenous insulin or a diminished anti-insulin factor. 


F. Serum uric acid and physical fitness 

Among the most important factors associated with uremia 
are hypertension, coronary artery disease, 
hypertriglyceridemia, high cholesterol, alcoholism, diabetes 
mellitus, hyperlipemia, obesity, renal failure, primary 
gout, and anxiety (Brekenridge, 1966; Bosco et al., 1970; 
Kiein et al., 1973; Montoye et a!., 1975; Tweeddale and 
Fodor, 1979). It is improper to label high SUA as a direct 
risk factor; however it 1s best termed as an indicator, 
because the mechanism by which a high SUA level is 
associated with future atherosclerosis or hypertension 
remains to be shown (Tweeddale and Fodor, 1979; Fessel, 
1980}. Therefore, any conclusions or explanations for 
associations found between CVD risk factors and SUA levels 
must be made with caution (Klein et al., 1973). 

Many studies have shown the important correlation 
between SUA and hypertension. Fessel et al., (1973) studied 


the SUA in two groups of adults over a period of fifty 
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months. In group A (hyperucemic - 124 subjects) hypertension 
developed in 18 subjects, whereas in group B (normal - 224 
subjects} hypertension developed in only 3 subjects, It was 
concluded from statistical analysis that hyperuricemic 
subjects had a 10.8 times greater risk than control 
subjects. Later (1980), the same author investigated the 
hypothesis that body weight is not the factor underlying the 
relation between hyperuricemia and CVD. Among 111 subjects 
with hyperuricemia, studied for 108 months, 25 of the group 
developed hypertension and their mean weight was not 
significantly higher. In this same study, Fessel outlined 
another study. From 1,356 persons aged 60 to 69 years who 
had their SUA recorded in 1967, subsequent deaths from CHD 
showed a stepwise increase when deaths were arranged 
according to the SUA levels but not when they were arranged 
according to body weight. It was concluded that 
hyperuricemia predicts future CVD independent of body 
weight. This last statement is not supported by Klein et 
al., (1973) who concluded that the prevalence of 
hypertension was greater in hyperuricemics as compared to 
normouricemics in all race-sex groups, but increased 
prevalence of CVD in hyperuricemics was secondary to 
increased body size. Although the experimental design is 
different between the two studies, one (Fessel 1980) studied 
the relation of SUA with hypertension and death, while the 
other (Klein et al., 1973) correlated SUA with 


electrocardiogram abnormalities and hypertension. 
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SUA is Known to increase (up to 2.7 mg%) 
(Zachau-Christiansen, 1959) during exercise and the 
principle mechanism related to this change is mainly the 
decrease in renal function during that period of time. What 
is more interesting is the chronic effect of exercise on 
SUA 

Bosco et al., (1970) studied the effects of eight weeks 
of chronic training on SUA in thirty males, aged 18 to 29 
years. Ten were extremely active (group A), ten were 
moderately active (group B) and ten were relatively 
sedentary (group C, control). SUA concentration and the 
Harvard step were measured at the beginning, periodically 
and after a four week "deconditioning" period. The 
pre-experimental correlation coefficient between SUA and the 
fitness index were low, however, chronic physical exercise 
lowered SUA from 0.3 to 3.2 mg% in 80 percent of the 
subjects from groups A and B, particularly in those persons 
with high values (7.0 to 8.5 mg%). These high SUA levels 
were previously reported (Montoye, 1967; Greenleaf et al., 
1963) and they were related to high levels of achievements 
and leadership (Brooks an Mueller, 1966). 

Epidemiological studies did not give a strong 
correlation between fitness and SUA. Montoye et al., (1978) 
tested 793 males and 80 females, ages 10-69, on a treadmill] 
for VO2 max, which he related to the sum of four skinfolds, 
SUA and a one hour glucose tolerance test. Body fatness was 


positively correlated with SUA and blood glucose and 
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negatively correlated with VO2 max. Age was negatively 
correlated with VO2 max and positively correlated with blood 
glucose. After removing the effects of age, weight and 
fatness, the correlations of VO2 max and SUA were low, but 
some results of this study seem doubtful since the subjects 
were not necessarily fasted for the SUA test and this could 
be important enough to give a wrong estimate of SUA. Cooper 
et al., (1976) obtained a slight relationship between SUA 
and VO2 max and his finding might be taken more seriously 
since he obtained a P of .05 when he compared the SUA levels 
of the very poor, poor, and fair groups to the group with 
excellent physical fitness (Table 4). The factors that could 
have contributed to the lowering of SUA are not well 
understood. It is Known that metabolic changes resulting 
from acute exertion would tend to inhibit renal urate 
excretion. Ketone bodies, beta-hydroxybuterate and 
acetoacetate retard urate excretion and lactacidemia impairs 
uric acid excretion (Cannon et al., 1966; Bosco et al., 
1970). Therefore, this situation should increase SUA. Bosco 
et al., (1970) explained the chronic decrease in SUA from 
the possible increase in the plasme volume (up to 20%) which 
would give a larger pool for SUA but he rejected the avenue 
of the loss of uric acid from body sweat. Conversely, it is 
Known that acclimatization to work shows a decrease in 
electrolytes (Consolazio et al., 1962; Smiles and Robinson, 
1971) and concentrations in sweat are normally related to a 


decrease in plasma concentration. 
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TABLE: 14.4 


Serum Uric Acid Versus Levels of Physical Fitness, 
uric acid in mg% 
(2,990 men, mean age 44.6) (Cooper et al., 1976) 


Level of Fitness UnaceAcid 
Very poor Gr 
Poor 6.8 
Fair Ga 
Good 6x35 
Excellent 6.4 


From the above studies, it is likely that a physical 
training program leads to a decrease in plasma SUA. This 
decrease should not be viewed as a metabolic change since 
some exercise metabolites impair renal uric acid excretion. 
The main factor, however, should be the increase in plasma 
volume. Secondly, the uric acid in perspiration should be 
considered since training programs add the effect of sweat 
loss. Overall a significant amount of uric acid is lost from 
this route, particularly in the first phase of the training 


program. 


G. Blood pressure and physical fitness 

Epidemiological studies have clearly shown even mild 
hypertension leads to a lower life expectency (Waaler, 
1977), not to mention that both systolic and diastolic 
pressure increase with age for both sexes (Hamilton et al., 


1954: Humerfelt, 1963). Primary hypertension is of 
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undetermined cause, while secondary hypertension is related 
to renal disease, endocrine disorders, neurologic disorders, 
etc. (Sokolow and McIlroy, 1979). Hypertension is known to 
be highly related to CVD (Robers, 1975) probably due to an 
increased rate of atherosclerotic deposition 

(Cousineau, 1980). 

Populations consuming very little sodium chloride have 
low levels of blood pressure (Prior et al., 1968; Shaper, 
1972; Kesteloot et al., 1978). But proper nutrition, 
frequent exercise, and lower stress are also considered 
important as preventive measures against hypertension 
(Tibbin and Eriksson, 1980). 

Significantly lower systolic blood pressures (122.9 
mmHg) were found in highly fit individuals compared with 
(127.6mmHg) higher pressures in low fit subjects (Cooper, 
1977). A significant reduction in blood pressure caused by 
physical training has been noticed in sedentary 40 year old 
men (Kilbom et al., 1969) and older normal subjects (De 
Vries, 1970). Subjects considered to be borderline 
hypertensives also show a significant decrease (Choquette 
and Ferguson, 1973) with training. 

The mechanism believed to be responsible for lowered 
blood pressure from training is a reduced activation of the 
sympathetic system during maximal work or at the same 
relative work load (Cousineau, 1980).The reduced circulating 
catecholamines have been related to the reduced heart rate 


and systolic blood pressure (Cousineau et al., 1977) during 
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different levels of work after a period of training, but no 
significant changes in resting catecholamines in the pre and 
post test were found. It seems therefore, that mechanisms 

other than catecholamine levels may play a role in reducing 


blood pressure in trained individuals. 


H. Effect of training on body weight and cardiac response 
The effect of physical activity on body weight and 
cardiac response to work is well documented and accepted 
(Astrand and Rodahl, 1970; Bouchard et al., 1974; Edington 
and Edgerton, 1976). Actually, the norms to predict 
cardiovascular fitness are VO2 max values which are 
significantly related to good physical fitness, but 
predicting VO2 max from submaximal work has some problems. 
In addition, VO2 max is not necessarily an endurance type of 
measure when considering new literature dealing with the 
aerobic and anaerobic threshold (Skinner and McLellan, 
1980), i.e., some individuals may be able to sustain for a 
long period of time a high level work (80% VO2 max), while 
others may have difficulty in sustaining a lower level of 
work (60% VO2 max) and these people are normaily less fit. 
While the majority of authors use submaximal goals (Cureton, 
1965; Astrand, 1970; Bouchard et al., 1979) to define 
physical fitness, i.e., an efficient oxygen transport system 
for daily work and additional strenuous activities, Shephard 
(1976, 1978) tends to relate cardiorespiratory fitness to 


VO2 max. No authors mentioned that cardiovascular fitness is 
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VOQ2 max. For these reasons, this study will use the heart 
rate response to the Standardized Test of Fitness (STF) step 
test (Fitness and Amateur Spor t Canada, 1981) to assess 


cardiovascular fitness. 


I. Menstrual cycle, working capacity and blood composition 
Women, partially due to their hormonal secretion 
(Nikkila, 1978, 1979), have a significantly lower level of 
Gholestero!) "LU {Cho hwVLDb=Chol etl sG., Bilood .gtucose,; sSUA 

(LRC Data Book 1978), while the level of HDL-Chol and 

HLD-Chol/LDL-Chol are higher compared to men. These 
beneficial differences are considered as being very 
important variables for reduced susceptibility of 
premenopausal women to atherosclerosis (Kannel et al., 
1976)" 

Plasma lipids are influenced during the menstrual 
cycle. HDL-Chol, phospholipids and triglycerides are fairly 
stable throughout the period (Punnonen, 1978; Kim and 
Kalkhoff, 1979; Basdevant, 1981). The LDL-Chol and LDL-ApoB 
are relatively lower during the luteal phase (Kim and 
Kalkhoff, 1979). Also, these authors observed a significant 
decrease in total cholesterol during the luteal phase while 
Basevant et al. (1981) showed a decrease, although it was 
insignificant. Therefore, the period of the menstrual cycle 
of women should be considered when plasma lipids are 
measured: LDL-Chol may vary from 110 to 90 mg% and 
HDL-Chol/LDL-Chol ratios from 0.6 to 0.75 when compared 
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between the menstrual phase and luteal phase (Kim and 
Kalkhoff, 1979). 

While it is well documented that physical activity 
influences the length of menstrual cycle (Shangold et al., 
1979) and the age at menarche (Malina et al., 1978), the 
influence of different phases of the menstrual cycle upon 
working capacity tends to indicate a reduced working 
capacity during menstruation and the highest values during 
the period of ovulation (Doskin et al., 1980). Therefore, 
when women’s physical work capacity or serum composition are 
tested, it seems reasonable to consider the period of 
menstrual cycle as a relative value in pretest and postest 


design. Although, for total values it seems less important. 


J. Conclusion 

Even though physical fitness is very important for an 
individual's health it should not viewed as the panacea for 
any disease. In this review an attempt was made to use 
studies dealing with heaithy human subjects, therefore the 
effect of physical training in obese, diabetic or cardiac 
rehabilitation groups should be considered specific to these 
populations. In order to delimit the study from a practical 
point of view, cigarette smoking, stress and some other 
factors are not eoneidered: 

Almost all the studies in this review have dealt with 
young subjects involved in a fairly comprehensive training 


program. The sample of this study consists of unfit adults 
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observed under a program which is widely used. The 
volunteers will be observed on many variables normally not 
evaluated in the previous literature. Another factor that is 
not well covered in the literature is the changes in UC and 


CE and how their distribution may change among lipoproteins. 
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III. METHODOLOGY 


A. Subjects 

Seventeen male and twenty four female sedentary 
volunteers between the ages of 30 and 58 participated in the 
study. A person was considered sedentary if he did not train 
on a regular basis and had led a relatively sedentary life 
for the previous two years. The subject had to show evidence 
of good health to participate in a physical fitness program. 
Recruitement of the subjects was made with the help of the 
YMCA. The participating subject had to pay seventy-five 
($75) dollars to be enrolled in the fitness class. Prior to 
the study it was advertised three times in the newspaper and 
it was publicized as a fitness study. Control subjects 
(FEM.C n=6, MAL.C n=6) were recruited by asking volunteers 
to find an age, sex and activity level matched individual. 

Before the beginning of the experiment subjects were 
asked to sign an informed consent form and complete the “Par 


Q" questionnaire (Appendix A). 


B. Procedures 

Subjects were tested in the morning after a 12 hour 
fast and a 72 hour alcohol restriction. They were asked to 
refrain from exercise for 12 hours before the test. Women 
were asked to record the date of their last menstruation in 
the pretest and to return for the postest in the same 


period, while for the men it was the same day of the week on 
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both occasions. 
The following dependent variables were measured before 

the training program and at the end (12 to 15 weeks): 

Weight (Kg) 

Skinfolds for body fat (%) prediction 

Resting systolic blood pressure (mmHg) 

Resting diastolic blood pressure (mmHg) 

Post exercise heart rate from the STF step test in 

beats/min 

Physical activity (min/2wk) 

Daily caloric intake (Cal/day) 

Daily fat intake (gr/day) 

Daily cholesterol intake (mg/day) 

Daily saturated fat intake (gr/day) 

Daily PUFA intake (gr/day) 

Total serum cholesterol (mg/100m1) 

Total serum free cholesterol (mg/100m1) 

Serum triglyceride (mg/i00m1) 

Blood glucose (mg/100m1) 

Serum uric acid (mg/100m1) 

Serum HDL-Chol (mg/100m1) 

Serum LDL-Chol (mg/100m1) 

Serum VLDL-Chol (mg/100m1) 

Free cholesterol in HDL-Chol 

Free cholesterol in LDL-Chol 

Free cholesterol in VLDL-Chol 
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CGAY activity=4mircromo! /17. hr) 


Body composition, diet and activity record 

Body weight was recorded in kilograms. Body fat was 
measured using Harpenden skinfold calipers at the following 
sites: triceps, subscapular, biceps, and suprailic (Fitness 
and Amateur Sport. Canada, 1981}. Percent body fat was 
estimated from the sum of the four skinfolds by the use of a 
table (Durnin and Womersley; 1974). 

Diet characteristics were monitored for three 
successive days (Sunday, Monday and Tuesday) with the aid of 
a questionnaire (Appendix A) asking them to list all the 
food items and quantity they ate during those days. Weekly 


activity was recorded for the two weekKs prior to the pre 


test and the postest (Appendix A). 


Resting blood pressure 

Blood pressure was the first measure made. It was 
recorded with the subject seated for a minimum of three 
minutes, with subsequent measurements of systolic and 


diastolic blood pressure taken on the left arm. 


Standardized test of fitness 

The standard procedure was followed in administering 
the STF step test (Fitness and Amateur Sport Canada, 1981). 
The heart rate response at the last level of work was 


recorded as the post exercise heart rate. The heart rate was 
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recorded at that same level of work in the postest even 
though the subject may have been subjected to a higher level 


of work on the second occasion. 


Blood analysis 

The blood was taken by a trained technician, from the 
antecubital vein, after the blood pressure recording. About 
ten milliliters of blood were drawn in a silicone coated 
vacutainer. The plasma of this sample was used for 
lipoprotein determination (HDL-Chol, LDL-Chol and 
VLDL-Chol). About three milliliters of blood were drawn in a 
sodium heparinized vacutainer and immediately put in crushed 
ice. The plasma of this sample was used for the 
determination of LCAT activity, triglyceride, serum glucose 
and serum uric acid. The blood sample was spun in a 
centrifuge at 3,000 g’s for 10 minutes. The serum was 
transfered to a small test tube (100x12mm) and frozen (at 
-60 degrees Celsius) for further analysis. The samples were 
analyzed within two months. 

Serum glucose was determined by a colorimetric method 
using Sigma (1977a) Kit 635. SUA was determined by an 
ultraviolet absorption method using the Sigma (1976) kit 
292-UV. Serum TG were determined by the colorimetric method 
by using the Sigma (1977b) kit 405. Cholesterol and 
esterified cholesterol was determined by the enzymatic 
method of Roschlau, Bernt and Gruber (1974). HDL-Chol was 


isolated by the heparin and manganese chloride precipitation 
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method. The LDL-Chol and VLDL-Chol was isolated by 
Fractionation flotation by the method of Hatch and Lee 
(1968). LCAT activity was determined by the method of 
Dieplinger and Kostner(1980). The procedures for serum 


analysis are described in Appendix C. 


C. Experimental design and training program 

All volunteers were invited at the same time to sign up 
in group A or B. In order to avoid undesired grouping, the 
subjects had to put their name on a sheet where space was 
available to sign up limited by age (30 to 35, 36 to 41, 42 
and over) and sex. For example, it was Known from the 
pretest that only eight piaces for women between 30 to 35 
were available, therefore only four spaces were made avaible 
in each group. The actual difference in the number of 
subjects per group is due to a slightly higher registration 
imcgroup iB and amhigheradroep-out Rate.-im "group Wa *Group A 
(FEM.A n=8, MAL.A n=4) trained on Tuesday from 8 to 9 pm and 
on Thursday ‘from 7 to 8 pom: Group B (FEMVB n=10, MAL YB n=7) 
trained on Tuesday from 7 to 8 pm and on Thursday from 8 to 
9 pm. The program started on September 15 and was completed 
on December 18, 1981. Each subject Kept a weekly record of 
his activity in the YMCA attendance book. The subjects 
trained three times a week, twice with a YMCA instructor, 
while the third session was undertaken without supervision. 

All trained subjects (group A and B) received fitness 


information from their instructor and from popular 
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pamphlets. The dietary information given to one group (B) 
was in the same form as for the ones in the training group 
(A). Subjects were asked to refrain from exchanging 
information with the other group. In addition, they were 
encouraged to follow dietary recommendations but this was 
not .compulsory (pamphlets were distributed as described in 
Appendix B). During the experiment there was no specific 
approach to the problem of cigarette smoking or stress. 
Subjects were asked to monitor their training in order to 
exclude those who did not train properly. A typical lesson 
and the progression in training intensity is described in 


Appendix D. 


D. Statistical analysis 

A three way ANOVA with repeated measures was done to 
determine the significance of differences between and within 
groups for the following dependent variables; body weight, 
percent body fat, systolic blood pressure, diastolic blood 
pressure, diet characteristics, blood measures, ratios from 
lipoproteins, cholesterol, triglycerides and LCAT 
determinations. Ratios analysis of variance were done when 
the analysis of a single parameter showed a trend or a 
significance and also when there was a physiologic meaning 
to testing the difference between two means. 

The program used for the analysis of variance was the 
"BMDP Biomedical Computer programs" from Dixon and Brown 


(1979). For the post hoc analysis the Scheffe method was 
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used to compare the means (Ferguson, 1971). Critical mean 
difference was calculated from the multiple comparison 
procedure of Scheffe (Ferguson, 1971): critical mean 
difference = square root of (F((mean square error/n1) + 
(mean square error/n2))), where F was the value from the 


table and n was the number of subjects per group. 
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IV. RESULTS AND DISCUSSION 


The results and discussion are presented in seven 
sections: body composition, physical activity (min/2wk}, 
post exercise heart rate, blood pressure, diet 
characteristics; serum glucose and uric acid, and finally 


serum lipids. 


A. Body composition 

Percent body fat changes are presented in Figure i and 
total body weight in Table 5. There was a significantly 
lower body weight and greater fat percentage for women, and 
this was in accordance with anthropometric charts comparing 
men and women. There were no significant changes in 
predicted percent body fat and total body weight during the 
study. Similar lack of significant changes were previously 
observed Holloszy et al., (1964). The lack of significant 
changes may be due to the short duration of the program, the 
intensity of training and/or to the unchanged food habits of 


the investigated subjects. 


B. Physical activity 

Total physical activity is shown in Figure 2, with both 
training groups showing a significant increase (p=.001) in 
their activity related to fitness improvement. As mentioned 


in Appendix D, the volunteers increased their physica] 
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TABLE Oi Ved 


Changes in Mean Body Weight, Predicted VO2 max, 
Serum Glucose and Uric Acid 
GROUP FEM.A FEM.B FEM.C MAL.A MAL.B MAL.C TOTAL 


Changes in mean body weight in Kg 
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Changes in mean predicted VO2 max ml/kg.min 
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Changes in mean serum glucose in mg/ 100m] 
Pre, 1.0085 94.4 Soa OS el, 89.7 97.3 95.8 
Sab. 1.0558 ta ka 3 tino) ois! £40 
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Changes in mean serum uric acid in mg/100m!1 
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activity by classes in the program and also by changes in 
lifestyle (Appendix A). That increase in activity 
corresponded to the minimal level of recommended quantity 
and quality of exercise for developing fitness in healty 
adults (Amer. College of Sports Med., 1980), which is: 

1. Three to five days per week. 

2. Training level of 60 to 90% of maximum heart rate 

reserve. 


3. A continuous aerobic activity of 15 to 60 minutes. 


rv 


ge?) dort ey .zeerite 
a t yr a ‘hy i 
en. § ey ne 


or 


a 
en la 


- - 'y 


pie 
£ 


wa hs ae Mm ce a! 


Nea 1 rn ot 
Bo “e 7 = 
Cc ao ‘ 
a* 
|) gieehe bos 
ie) i. Jipil : + < Zt ' i ea 
ol eo fddtew “kei ema ee 
fa. el 7 . - 4 ‘ : a 
Phe ig Se kw ‘ vg he val 
~ oe My ey C F 4 ae af a 
a) ea * ess ‘uy ; 
ae Sie efi i 4 Ln \ # : Pe 
y ‘@ > 5 *) M = 4h, a 
on ba re i = ~~ % 


\. SANE ees 3 (tas Peed, HE 
ae 
: We 7 we na 0 ios yu J 
* j vi r . at 
i ee ne ee 
bh Cane ie ea ee. Be 
eed i hee i) Ve ae | aie” ad ce Al Ws é 
4 . P 4 Kae Pid 
m te AA ¥ t iy. | 
’ 4 } te Mi S) wi ; 
ave ae 
5 7 ; j i pe shoe 


st ‘ » 5 Wins Sag F pits Nees ay " 
; ey (ere Mey Cpa 
Fd ; Bhi ah A i 
ee 
Pe RS i Ae 
AY 
“i ‘ ED ie fia ot Revita j od yet ein Nis 7 
Tot eis iu (Al Shope’ 
Rae heer 


Laub my" wa (poadie 


+ apvern PVD tof ast yee 


42 


4, Any activity that uses large muscle groups, that can 
be maintained continuously, and is rhythmical and 


aerobic in nature. 


C. Post exercise heart rate 

There was a significant improvement in step test 
results of both male and female trained subjects (p=.001). 
However male controls also increased their fitness (p=.05), 
but that increase was lower than for the trained subjects 
(p=.001)(Figure 3). One subject in the male control had 
shown to be fairly unconfortable with the blood test on both 
occasions so although he was fairly young (30) the step test 
was stopped at 138 beats per minutes on the first test 
thereby making it easier for him on the second test which 
was recorded at i120 beats per minutes. Also one other male 
control subject, age of 51, was tested only on level one 
because of his bulky weight of 120kg and he showed a 
decrease of 12 beats per minute on the second test. 
Therefore, 5 beats per minute of the mean decrease of 6 
beats per minute on the second test in the male control 
group was from these two subjects. That change may be more 
related in one case to psychological factors while in the 
other case to a low level of work in the first test. 

The predicted VO2 max ml/kg.min (Table 5) showed that 
the recruited subjects were at a minimum level of fitness 
according to the norms (Can. Pub. Health Assoc. 1977) and 


thus prone to increase their level of fitness. The analysis 


| eve Jan 


fey Oiits ay ai of} ry apt tig tays a ‘eas vr hints veh 


gt en: Ce Ta eT Bs Aad te fut re: 
Siig UM.) OV EY, ne, sg ments ie Tt 


feria hye ay kets eles maw 


‘orn ane 
eh Faye eer insta hnnbe 4 Ne tas sian 
hie Some & ah ok ih ces) wham, oe Yo wie 
COTY Lemay OS se area viyt a d hokey of yi" | | 
serrate: eee ot ee nit ae bilge Set! roe. 
ines: <i am on) (ha Se {Feat fig ce 


, : i 
rege (Qa soe? 2th rer are nye ries ohh" oli 4G ee 


‘“@ill. oe 


ae et Sis 


Pn atiyleny en ny " 
1) ) | 


a 


| Anat. SPA eet | Arnot ne ‘win f lun 
as al “\s) dat ; i ew | | 


Cater Ose CAP | CAs 


| eeeG:: 
: , ‘ b _ te es D ee é 
ig! broged ont! re atu ian, gidet woes 
‘Sy, - : : 


aa oy 


th CMA Reet a " ite Sab nats hr jn tence 12 


Mis ed in by ah CE et et +6 Rcd poeta, tow Pi | 
PAL 
aia deoiF ud ‘web id *o Sen 


belies ah age a 1! ’@ hes | ae bia Pon Z: > eee sa 


“7 


Sal 
on 


she Ete vi J wf: igeat olla rand | Larges) nes, nite 


| | bat 
wh NpIaee piace S aba a ei a 


Oe tae ; SS oe iene 


of variance in treatment by time (Appendix E) of predicted 
VQ2 max showed a similar improvement in fitness as the one 
in the post exercise heart rate. Similar increases of 10% in 
predicted VO2 max were observed for a shorter period of 
training (7 weeks) at more a intense level twice a week 
(Pedersen and Jogersen, i978). However, the lower F value in 
predicted VO2 max comes from the integrated values of 
individual's weight and age of the Jette et al. formula 


(1976) and those two values did not change. 


D. Resting blood pressure 

There was a significant decrease in systolic blood 
pressure (p=.05) and a tendency (p=.07) towards a decrease 
in diastolic blood pressure in the training groups A and B 
(Figures 4 and 5). Similar changes have been previously 
reported (Kilbom et al., 1969; De Vries, 1970) and the 
reduced sympathetic activity was considered as having an 
important role in this change (Cousineau, 1980). Group MAL.A 
had a mean change of 137 to i28mmHg (p.01) in systolic blood 
pressure and a mean decrease from 96 to 89mmHg (p.01) in 
diastolic blood pressure. Choquette and Ferguson (1973) 
reported similar changes from bordeline hypertensive 
subjects. Even though the subjects have been tested in 
similar conditions by the same technician, it should be 
noted that the trained subjects (group A and B) were more 
accustomed to that person from the frequent contact in the 


YMCA’ s classes and therefore less psychologically stressed 
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FIGURE IV.1 
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PIGURE IV.2 
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FIGURE IV.4 
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FIGURE IV.6 
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in the second blood pressure test. Nevertheless, within the 
experimental limitation, the actual fitness program was 


shown to be effective in reducing resting blood pressure. 


E. Diet characteristics 

One of the biggest concerns among women subjects, and 
to a lesser extend also for men, was their weight. They were 
not only motivated to change regarding their total activity, 
but also their food habits. Their percent body fat showed 
that they were above average (Can. Pub. Health Assoc. 1977) 
and many of them were anxious regarding their weight gain 
during the previous year. Therefore, it was suspected that 
the grouping for training (group A) and training plus diet 
information (group B} would be successful and that group B 
would positively modify their food style from the 
information given (Appendix B). 

Total caloric intake measures indicated that the 
experimental population was lower than the normal Albertan 
diet intake (Nutrition Canada, The Alberta Survey Report, 
1975). This may be due to errors in the analysis of dietary 
recall, although it did not seem to be ‘the*case since the 
diet composition in the tested population was closely 
related to the Alberta Survey. So, the lower level may be 
due more to the fact that the tested population was 
sedentary. 

The analysis of variance showed no significant change 


during treatment (Appendix E) in total caloric intake 
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(Figure 6), total cholesterol intake, total fat intake, 
total PUFA intake and total saturated fat intake (see Table 
6 for means and standard deviations}. Therefore, even though 
group B received more information related to diet and 
cardiovascular disease, it would appear that these pamphlets 
alone were not sufficient to influence the diet composition. 
Arntenezius et al. (1978) obtained more positive changes but 
their study lasted a year and the subjects had a consultant 
which may have increased the effect. Time may also have been 
an interrelated factor in the study of Maccoby et al., 
(1977). So, changing the foodstyle of adults is more than 
being informative, as in the present study, and results may 
be shown to be more positive over a longer period. 

The present results show that adults are reluctant to 
change their foodstyle, even if they show a degree of 
willingness to do so. The nutritionally informed group B 
possibly became more concerned about the importance of 
eating, thus explaining their increased food intake. This is 
shown by the increased means in caloric and fat intake of 
group B while group A had no similar change. 

Therefore the popular pamphlets as they are presently 
distributed or as they are routinely given in many fitness 
classes, should be discussed and explained by the instructor 
if the positive effect of dietary changes in fitness classes 
is an important goal. The instructor must actively approach 


the problem. 
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PABEE-IV. 6 


Diet Characteristics 
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either from treatment or time (see Appendix E— 
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analysis of variance and Table 5 for means and standard 


deviations: 


Thus, as previously reported in the review of 


literature, changes in these blood levels are not always 


found as a result of a fitness program (Ruderman et al., 


1979) 


intensity of training, 


. In the present study, 


this may be due to the 


the duration of the program or the 
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testing procedure, i.e., fasted serum glucose instead of an 


OGTT as was done by LeBlanc (1979) and Saltin (1979). 


G. Serum lipids 

The main purpose of this study, was to investigate how 
the serum lipid metabolism may be modified by a fitness 
program. The results showed that the trained subjects 
improved their level of fitness, but this is not 
concomitantly related to the calculated lipid parameters of 
this study. Therefore, in the design of this study, none of 
the analysis of variance on cholesterol, cholesterol! ester, 
lipoporteins, LCAT and triglyceride showed a significant 
change by time or treatment (Appendix E). The serum lipid 
values reported in this study are similar to those 
documented in the literature (LRC Data Book, 1978) in total 
values as well as differences between sexes. Although in the 
present study LCAT IRE was lower than those of Dobiasova and 
Vondra (1978) the difference was very small (6.34% versus 
6.69%) and they were using younger subjects. A sex 
difference has been reported showing a lower mean for women 
than men with a high variability (Dobiasova and Vondra, 
1978; Dieplinger and Kostner, 1980). 

A decrease in mean total serum cholesterol occured in 
the experimental groups (FEM.A from 195 to 192 mg%, MAL.A 
from 211 to 205mg%, and MAL.B from 200 to 199mg%: Figure. 7) 
but this was not within the critical mean difference of 


5.09mg% (at p.05, when n=6/gr). With an assay error of 3.4% 
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TABS aI 7 


Serum Lipids 
Croll sEEN AS FEM.B ) EEM-Ce SMALL AT MARC B SMAELC “TOTAL 


HDL free cholesterol mg% 
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LDL free cholesterol mg% 
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Syl 22/97) 32,94 “37.46.3414 43,44 16.75 


such differences would have been detected. Similar types of 
insignificant lipid changes with an increase in VO2 max from 
15 to 25%, have been previously reported: Holloszy, 1964; 
Goode et al., 1970; Lopez, 1974; Allison et al., 1980; Hunt 
and White, 1980; Ready, 1980. Some other studies reported 
chances itt lipids with training, but they are alsowrelated 
to higher differences in VO2 max and changes in total body 


weight (Hartung and Squires ;mid/8; Hicks ietsale, 1980)" 
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Serum free cholesterol showed a mean decrease from 
59.25 to 58mg% in group A and B (Figure 8) although these 
changes are not close to the critical mean difference needed 
for a significant test. This was mainly due to the high 
intra-variability of the subjects, i.e., many of them 
decreased their total free cholesterol while some others 
increased which made the result insignificant. These results 
were different than the mean decrease of 17mg%4 of Altekruse 
and Wilmore (1974) although training program differences and 
no control in dietary control may be the sources of such 
discrepencies. 

Total changes in mean serum HDL-Chol (Figure 9), 
LDL-Chol (Figure 10) and free cholesterol levels (Table 7) 
were insignificant. Even if there were some changes in mean 
groups pre and post test they were very small and not large 
enough to detect an important difference. There was not even 
a tendency that could make these results significant; for 
example, the HDL/LDL-Chol ratio (Figure 12). Data showed a 
higher ratio in the group FEM.C. This may be partly due to 
the sampling error and also to the lower mean age of that 
group. In group FEM.A and FEM.B we had more women in their 
menopause and this factor has been Known to show a rapid 
ratio decrease (Kannel et al. 1976, LRC Data Book 1978). The 
actual data suggest similar findings to Allison et al. 
(1980). Identifying the APO AI and APO B may not add any 
more value in the present study since in the Kim and 


Kalkhoff (1979) study the only significant change in 
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HDL/LDL-Chol ratio was concomitantly related at the same 
time to a significant APO AI/APO B ratio. 

Changes in mean VLDL-Chol (Figure 12) are shown to be 
insignificant as for the VLDL free cholesterol (Table 5). 
Even if group MAL.A and MAL.B showed a decrease in their 
mean values they are not close to the calculated critical 
mean difference of 2.07 at p.05. These insignificant changes 
were also observed in mean serum T.G. from 144.75 to 148mg% 
(Figure 13) and was this expected since the main part of 
circulating 1.G. in a fasted subject was in VLDL-Chol. These 
results have been previously reported and were shown to be 
stable with an incressed of VO2 max (Gettman et al., 1976; 
Hunt and White, 1980; Allison et al., 1980). Although if any 
lipid change had to be significant |T.G. should be the first, 
because it has the highest discriminant change with training 
(Hartung and Squires, 1978); Holloszy et al., (1964) 
reported a 1.G. change from 208 to 125mg% with no 
concomitant decrease in serum cholesterol from a six month 
program of endurance training. 

LCAT IRE (Figure 14) as well as LCAT activity (micro 
mol/li.hr) (Table 7) were not shown to be significant, but 
all the groups had an increase with time except for a slight 
decrease in MAL.C. In group MAL.A the mean difference in pre 
and post of 1.02 was even higher than the critical mean 
difference. Although this significance was lessened by the 
fact that there were only four subjects in that group, the 


different increase may be due just to the random assignment. 
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FIGURE IV.13 
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The changes in LCAT IRE with time can hardly be related to 
the changes in fitness since group FEM.C also had a mean 
increase, therefore the present tendency may be more due to 
experimental error or daily filuctuatiom (Schlierf ‘etal. , 


1979). 


H. General discussion 

The response of several physiologic measures and blood 
parameters have been examined in this investigation. Some 
physiologic measures, such as post exercise heart rate and 
resting blood pressure were shown to change without a 
concomitant change in the serum lipids. Therefore the 
training subjects would have decreased their cardiovascular 
risk index as measured by a questionnaire, indicating the 
increase in their level of activity which was considered as 
an important factor. However, the present study showed that 
the changes in this lifestyle with an increase in fitness 
were not related to the metabolic parameter of 
cardiovascular disease. Although the subjects were 
normolipidics in mean cholesterol, their mean HDL/LDL-Chol 
ratios were fairly low compared to younger subjects (LRC 
Data Book, 1978; Kim and Kalkhoff, 1979) or trained subjects 
of their age group. 

Therefore, the experimental population could change 
their cardiac risk index not only for a statistical 
significance but also as a physiological mean. For example, 


T.G. levels of 78mg% were observed in highly trained adults 
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(Hartung and Squires, 1978) while this study’s subjects were 
at 144mg%. The actual mean of 48.5mg% in HDL-Cho!l was low 
compared to the 65mg% of the trained subjects of Hartung and 
Squires study (1978). Although total cholesterol seemed to 
be less susceptible to modification when highly trained 
subjects with a mean of 189mg% (from the same study) were 
compared with our males subjects of 205mg%, this high 
HDL-Chol level and lower 7.G. with little change in total 
serum cholesterol nave also been observed by Lehtonen and 
Viikari (1978a, 1978b). However, some others observed a 
concomitant decrease in total cholesterol with higher 
Hbk=Choe-ly( Woodteteia 1. 4.196) </ Pinay “the Eb l=ChoP of our 
males could been modified when their mean value of 132mg% 
was compared with 125mg% in trained subjects (Wood et al., 
LORS 

There were subjects who increased their fitness levels 
and it has been reported that these changes are related to 
metabolic parameters which are related in turn to the energy 
metabolism for muscular contraction (Holloszy, 1976). 
Although the serum lipids have very little to do with human 
physical work capacity, and it has been shown that 
HDL/LDL-Chol ratios are much higher in highly fit 
individuals. However it cannot be stated that a high 
HDL/LDL-Chol ratio will be metabolicaly related to high 
physical work capacity since that ratio can also be 
influenced by other means such as genetics, nutrition, age, 
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consequence of training than a need for better working 
capacity. Therefore attempts to modify lipoprotein levels by 
short term fitness improvement may have little to do with 
the individual's increase in working capacity as observed in 
the present study, but may be significantly related to the 
starting lipoprotein levels and secondly, to the intensity, 
Frequency and duration of training. Unfortunately, changes 
in dietary habits and it’s effect with training, although 
Known to influence the serum lipids, cannot be substantiated 
by the present study since there were no significant changes 
in either dietary habits, serum lipids or body weight, as 
have been observed in other studies (Squires et al., 1980). 

Many different groupings were possible in the present 
study since the present design did not show any substantial 
evidence on the effect of dietary information. Therefore one 
of the groupings that could lead to some understanding of 
the susceptibility of the changes in serum lipids was to see 
if those who increased HDL-Chol may have some related 
parameter to explain such changes. 

A number of new groups were therefore formed. FEM.D 
(n=10) and MAL.D (n=5) were those with training and no 
increase in HDL-Chol. FEM.E (n=8) and MAL.E (n=6) were those 
with training who increased their HDL-Chol. FEM.C and MAL.C 
were the same controls as in the present design. The 
analysis of variance of the new grouping are shown in 


Appendix E while the new means are shown in table 8. 
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HDL-Chol showed a significant increase with group E in 
treatment by time (p.033) and obviously it comes from the 
bias grouping. But this new grouping becomes more powerful 
when the HDL/LDL-Chol ratio was calculated with a 
Significant mean increase in FEM.E and MAL.E at p=.0000 
level, which can be partially explained by the mean decrease 
in LDL-Chol of these groups (p=.078). A similar powerful 
change in mean increase of HDL/Total serum cholesterol for 
FEM.E and MAL.E (p=.0006) was seen, which were not followed 
by changes in total cholesterol. Those significant changes 
Tae dgo1ds. Cid Vary .ci1s Inculy. thome 
1.the total activity, where group FEM.E and MAL.E did not 
have a higher increase in activity rate; 
2.the predicted VO2 max mean changes, where there was no 
distinctive increase from either training group; 
3.the caloric intake showed no significant differences with 
time between training groups; 
4,the percent body fat did not appear to be a factor related 
to such lipids changes. 

These transformed groupings supported the notion that 
short term increases in fitness are not followed by lipids 
changes, amdgihat total mipia values: suchmdcmcholes terol: 
HDL-Chol and LDL-Chol are not the best discriminant factor 
to assess changes, while ratios of HDL/LDL-Chol and 
HDL/Total serum cholesterol! are more appropriate and this 
can be observed aiso in Ready’s data (1980). These new mean 


changes in HDL/LDL-Chol ratio in treatment by time were 


ar rane 7) i 
sn) od hdr ui tw Serer ie 4 agi 4 <e 
Ae 100a8 eres. 3 Py eae yeh ts 


fi yy 
apie acne cote Ra ane vada mt ieee 


oie Fil “a ; 
Oy ieee a a AR i (: aan steam ‘ae nasit | 
aon at A A epeme hel iene sats 20 i porew fr 

mer a sno he a 

hiaa, batot yer ts cannery wong he 

“ct ene Ha tity ore hil (agit! One. 1) aah tea : 

vaigeris 7 ies! cow at. BY foeeat: eT: ic ik 
ate | dpe teh wre, Git, obra H. 

path eb eee | anus: Vea ih iter: 
| ohne é ny AG veh! weight, § 8 7 

Ki bat RAY a cashed cre ee Heat | Teoh | t, 


nh ig eae rt seo vo. tiv 


& me , iy ; Po) i” uy Fy Po ) ae) “4 iy std: re 


- ae 


an ha iat bey ‘ mat sine 
| ie pander ronal ‘ 3 
toy i nat ee. vo nt 


yah 


a. soos OE niet a te 
A vietes \ yells ie res se! iz ous Far ey 
‘ | an . <n} tity) ave 7 mi wae - ar hoe ' 
ae, hie mgt" pig :| sie i net be - WN 
1 Je OF 6 Pa ‘ 
' os os ytot Weed 
7 rou 


7 stds Bea e's eh 


i 


‘fi 


. 
7 4 > 
Epon eh 0 


nee #0) we 


‘aun iter) 


barely close to the significant mean difference at p.05 in 
normal groupings (Figure 12) therefore providing evidence 
that changes in lipid levels in normal and a randomly 
distributed population were unlikely to show evidence of 
alteration from a short fitness program. The actual change 
in HDL-Chol in some subjects may be due to diurnal 


variations iSchiverdetrale, 1£979an 
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V. SUMMARY AND CONCLUSION 


The effects of a popular fitness program was studied 
upon 41 sedentary adults; 8 female and 4 male were in a 
training group (A), 10 female and 7 male were in a training 
plus diet information group (B), and 6 female and 6 male 
acted as a controls group (C). Subjects were tested prior to 
the beginning of the program and at the end of the classes, 
j.e., 12 weeks after. The following dependent variables were 
analyzed: body weight and fat, systolic and diastolic blood 
pressure, three day dietary recall, post exercise heart 
rate, serum lipids, serum glucose and serum uric acid. 

Significant decreases in post exercise heart rate, 
resting systolic and diastolic blood pressure were observed 
in the second test in group A and B. No significant dietary 
alteration and no changes in predicted percent body fat were 
noticeable in groups A, B, and C during the study. Serum 
analysis showed no significant changes in cholesterol, 


lipoproteins, LCAT, glucose and uriciacid. 


Within the limitations of the present experiment the 
following conclusions appear justified: 

1.Twelve weeks of fitness training were sufficient to 

cause a significant decrease in post exercise heart 

rate. 


QeChanges in total bodyweight, as in percent body fat 
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were not significantly modified. 

3.Systolic and diastolic blood pressure were shown to 
decrease from the program. 

4,.Diet characteristics were not modified from the 
dietary information distributed during the study. 
5.Sedentary adults may show willingness to get into 
fitness programs, but other changes in their lifestyle, 
such as diet, are more difficult to alter. 

6.Serum lipids were not significantly modified by such 
programs. 

7.Short term increases in fitness were not concomitantly 
related to serum lipid changes and vice versa. 

8.Two Known cardiac risk factors were modified from this 
fitness program, i.e., lower blood pressure and 
increased physical activity. 

9.Men and women showed similar changes as a result of 


the fitness the program. 


Several recommendations for futher investigation 
regarding fitness programs and reducing the cardiac risk 
index can be made: 

1,;Pamphiet distribution at darge, as imi this istudy, 
should be modified by a good explanation before 
distribution and the educational component of fitness 


classes should be more than informative for short term 


changes. 
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2.Different pamphlets may be more influential by their 
content or their approach, i.e., for example making 
pamphlets that are challenging the weaknesses of the 
individual may be more positive. 

3.To relate changes in serum lipids with improvement in 
fitness the duration of the program should be longer 
than twelve weeks. 

4.Physical activity as a cardiac risk index should be 
accounted for by a time factor. 

5.Changes in fasting lipoprotein levels from highly fit 
and low fit individuals should be investigated to 
ascertain if it is the result of acute exercise, or if 
in fact a difference in the rate of post prandial lipid 
absorption, or lipid clearance or synthesis may be 


involved. 
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A. Subject informed consent 

I desire to engage voluntarily in a physical fitness 
program to see the effects upon my working capacity, body 
fat, blood pressure and selected blood parameters. The 
training program will last between 12 to 15 weeks; two times 
a week a YMCA instructor will organise the session while the 
third session will be undertaken without supervision. In 
each session there will be a period of twenty to thirty 
minutes of aerobic work. 

The testing procedures will be done after a 12 hour 
fast, a 72 hour alcohol restriction and I am asked to 
refrain from exercise for 12 hours before the test. First, 
systolic and diastolic blood pressure will be taken: second 
ten milliliters of blood will be drawn (from the antecubital 
vein); third, body weight will be recorded in kilograms; 
fourth, body fat will be measure by a skinfold caliper on 
the triceps, biceps, abdominal and suprailiac; fifth, a 
physical work capacity test. 

I understand that I will step on double 20.3 cm steps 
at speeds identified for my age group. During the 
performance of the test my heart rate will be measured prior 
to and at the completion of the test. 

I will first be given a three minute warm-up exercise 
at a rate equilivalent to 65 to 70% of the average aerobic 
power anticipated in a person in a 10 year older age group 
than mine. If a predetermined heart rate is not exceeded, I 


will then exercise for a further three minutes at 65 to 70% 
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of the average aerobic power for a sedentary person of my 
own age. If again my predetermined heart rate is not 
exceeded, I will exercise for a further three minutes at 65 
to 75% of the average aerobic power for an individual ten 
years younger than I am. The test will be discontinued when 
I reach a predetermined heart rate or if I become distressed 
in any way or develop any abnormal response, wichever of the 
above occurs first. Every effort will be made to conduct the 
test in such a way as to minimize discomfort and risk. 
However, I understand that just as with other types of 
fitness tests there are potential risks. These include 
episodes of transient lightheadedness, fainting, chest 
discomfort, leg cramps and nausea. 

Finally, a questionnaire to identify my caloric intake 
for the last three days shali be completed. 

Any time before, during or after this period of testing 
I shall be able to ask questions concerning procedures or 
other aspects of the project. At any time I will be able to 
withdraw consent and to discontinue participation in the 
project’ or’some’of its parts'without prejudice.“ In-the 
questionnaire I am free to refuse to answer specific items 
of questions. I will be encouraged to follow the 
recommendations (verbal or written) from this project but 
any recommendation will not compulsory. 

All the data and information of this study will be 
confidential, however, the results may be used for 


statistical or scientific purposes with my right of privacy 
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retained. 

N.B. For those who served as control subjects, they are 
asked to continue their normal seasonal activity without 
engaging in a fitness program. 

I have read the foregoing and I understand it. Any 
question which have arisen or occured to me have been 


answered to my satisfaction. 


B. PAR Q & YOU 

PAR-Q is agesigned to help you help yourself. Many 
health benefits are associated with regular exercise, and 
the completion of PAR-Q is a sensible first step to take if 
you are planning to increase the amount of physical activity 
in your life. 

For most people physical activity should not pose any 
problem or hazard. PAR-Q has been designed to identify the 
small number of adults for whom physical activity might be 
inappropriate of those who should have medical advice 
concerning the type of activity most suitable for them. 

Common sense is your best guide in answering these few 
questions. Please read them carefully and write YES or NO 


opposite the question if it applies to you. 
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1. Has your doctor ever said you have heart trouble? 
2. Do you frequently have pains in your heart and chest? 
3. Do you often fell faint or have spells of severe 
dizziness? 
4, Has a doctor ever said your blood pressure was too high? 
9. Has your doctor ever told you that you have a bone or 
joint problem such as arthritis that has been aggravated by 
exercise, or might be made worse with exercise? 
6. Is there a good physical reason not mentioned here why 
you should not follow an activity program even if you wanted 
co! 
7. Are you over age 65 and not accustomed to vivorous 
exercise? 
If you have not recently done so, consult with your personal 
physician by telephone or in person before increasing your 
physical activity and/or taking a fitness test. Tell him 
what questions you answered yes on PAR-Q, or show him your 
copy. After a medical evaluation, seek advice from your 
piystcran as to, your suitability for? unrestricted physica! 
activity, probably on a gradually increasing basis. 
Restricted or supervised activity to meet your specific 
needs, at least on an initial basis. Check in your comunity 
for special programs or services. 

NO to all question. 
If you answered PAR-Q accurately, you have reasonable 


assurance of your present suitability for : A graduated 
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exercise program A gradual increase in proper exercise 
promotes good fitness development while minimizing or 
eliminating discomfort. An exercise test - A simple tests of 
fitness {such as the Canadian Home Fitness test) or more 
complex types may be undertaken if you so desire. 

Postpone. 
If you have a temporary minor illness, such as a common 


Cod: 


C. Your activities 


a. During the last two weeks, how many times did you do any 
of the following exercises, sports or recreational 
activities? 

b. About how much time did you spend on each occasion? 
Walking (inclucing to and from work or school) 

Jogging or running 

Calisthenics 

Bicycling (including to and from school) 

Vigorous dancing 

Skating 

Skiing (downhill, crosscountry) 

Racquet sports (tennis, badminton, squash, racquetball) 
Other team sports (hockey, basketball, footbal!, soccer, 


volleyball) 
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Swimming 


Other (please specify) 


D. 


Dietary recall 


1. Record your dietary intake for three consecutive das 


(include Sunday, Monday and Tuesday). 


2. Description of food items should be as complete as 


possible: 

a) Type of food (raw, cooked, frozen, etc.) 

b) ‘Method of preparation (baked, broiled, fried, etc.) 

c) Brand name (if this affects nutrients composition) 

d) Ingredients in recipes 

e) Best estimation of compositon of commercial foods if this 
is not Known 

f) Amount of food (household measure and weight in grams} 

g) Type of milk (whole, 2% of skim, etc...) 

h} The cut of meat, lean or regular hamburger, etc... 


EXAMPLE 


8:00 a.m. poached egg, i large, 50grams. 


8:00 a.m. 100% whole wheat bread, 2 slices, 50 grams. 


8:00 a.m. margerine, 2 tsps., 10 grams. 


8:00 a.m. orange juice (made from frozen concentrate), 80z., 


247 grams. 


LOS 


00 a.m. coffee - instant (regular dry powder), itbsp., 2 
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10:00 a.m. commercial chocolate chip cookies, 2" diameter, 
17 grams. 
(O00 asm. mi tk — 32%, 40z2.5 7122 gras 


10:00 a.m. sugar (white granulated), itsp., 4 grams. 
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A. Pamphlet distribution 


Before each reference the date of distribution is 


indicated 


night the 


September 


September 


September 


September 


September 


September 


Sep tember 


September 


with the group. If the subject was absent that 


pamphlet was mailed to him. 


17, diet information and training group, Alberta 
Fitness "A Few Words About Fitness, "Alberta 
Fitness, Alberta Recreation and Parks, Edmonton, 
Alberta. 


17, diet information and training group, Alberta 
fitness, "Jogging the Right Way," Alberta 
Fitness, Alberta Recreation and Parks, Edmonton, 
Alberta. 


17, diet information and training group, Alberta 
Fitness, “Keeping Fitness in the Family, "Alberta 
Fitness, Alberta Recreation and Parks, Edmonton, 
Alberta. 


17, diet information, Alberta Social Services and 
community Health, Why Weight," Government of 
Alberta, Edmonton, Alberta. 


17, diet information, American Heart Association, 
“Your Diet and Your Heart, From Scriptographic 
Booklet, by Channing be Bete Co., ine, 
Greenfield, Mass., 1979. 


17, diet information, Health and Welfare Canada, 
"Nutrient Value of Some Common Foods," Minister 
of Health and Welfare pub., Ottawa, Ont., 1979. 


24, diet information and training, Alberta 
Fitness, "Physical Fitness...? Who Needs I[t!...A 
Case for Regular Exercise," Alberta Fitness, 
Alberta Recreation and Parks, Edmonton, Alberta. 


24, diet information and training, Alberta 
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PROCECURES FOR SERUM ANALYSIS 


A. Cholesterol and esterified cholesterol 
Principle 
Esterified cholesterol plus potassium hydroxide gives 
cholesterol plus fatty acid. Cholesterol plus cholesterol 
oxidase plus oxygen gives delta-four-cholestenone plus 
hydrogen peroxide, exibiting maximum abserbance at 240nm. 
Instrument 
Spectrophotometer capable of measurement at 240nm. 
Water bath at 37 degrees Celsius 
Centrifuge 
Reagents 
Sodium dihydrogen phosphate, NaH2P04.H20. 
Disodium hydrogen phosphate, Na2ZHPO4. 
Absolute ethanol. 
Polyoxyethylene 9 lauryl ether, from Sigma Chem. Co. 
Potassium hydroxide, KOH. 
Cholesterol oxidase from Nodardia erythropolis, from Sigma 
€o. 
One molar Amonium sulfate solution, (NH4)2 S04 
Preparation of Solutions 
Phosphate buffer (pH 7.5): dissolve 60.5g of NaH2P04.H20, 
10.2g of Na2HPO4, and 4g of polyoxyethyiene 9 lauryl! ether 
in water up to 1,000ml1. 


Cholesterol oxidase (6.25U/m1):dilute stock suspension as 
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required with 1M amonium sulfate solution. 
Potassium hydroxide solution: dissolve 33g of KOH in water 
and make up to 100m1l (final concentration 33%w/v). 
Procedures 
Hydrolysis of esterified cholesterol: Introduce 0.5m! 
sample, 4.5m] ethanol, and 0.3m1l potassium hydroxide 
solution into stoppered test tubes and swirl around 
carefully. Place the stoppered test tubes in a water bath at 
37 degrees Ceicius for 60 min. Centrifuge the suspension 10 
min 3000'g) and use the clear surpernatant for the 
determination. 
Dilute 0.2ml hydrolysate (to determine the total 
cholesterol) of 0.05m1l sample (to determine the free 
cholesterol) with 10ml phosphate buffer: use 3.5ml in the 
determination for sample and sample blank. 
Pipette 0.02ml of cholesterol oxidase solution into the 
bottom of the test tube and add the diluted sample. This is 
sample A. Pipette 0.02ml of water into the bottom of the 
test tube and then add the diluted sample. This is sample 
blankab ovis, Ca ltow? torstdnd Stor about Aioenin. tat 20-25 
degrees Celsius. For the measurements, pour the sample into 
cuvette A and the sample blank into cuvette B. 
Set extinction of cuvette B to zero, and measure extinction 
of cuvette A. The extinction E sample is obtained. 
Reagent blank: Pipette into the bottom of test tube 0.02m] 
of cholesterol oxidase solution and add 3.5m! of phosphate 


buffer. This is sample A. Pipette 0.02ml of water into the 
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bottom of the test tube and add 3.5m1l of phosphate buffer. 
This is sample B. Mix, pour the sample into appropriate 
cuvette, set extinction of cuvette B to zero and measure 
extinction of cuvette A. The extinction E Blank is obtained. 
E sample minus E blank = delta E, is used in the calculation 
Total cholesterol (mg/ml)= delta E x 13.6 

Free cholesterol (mg/ml)= delta E x 5.04 

Cholesterol (in absolute ethanol) levels equivalent to 
concentrations of 25, 59, 75, 100, 200 and 300mg/100mI1 
yielded a correlation coefficient of 0.99. 

A coefficient of variation of 3.34% for free 
cholesterol and 2.8% for total cholesterol was obtained for 
10 replicate assays of serum sample. 

Nota Bene: this method was used for the determination 
of cholesterol and esterified cholesterol in serum, in 


VEBRSChOISOCODESChol, BbESGnor andSeCATtactivanty. 


B. Glucose in serum 
Principle: 
Glucose plus O-Toluidine gives a colored complex, exibiting 
maximum absorbance at 635nm. 
Instrument 
Spectrophotometer capable of measurement at 635nm. 
Water bath at 100 degrees Celsius. 
Reagents 
O-Toluidine reagent, stock No 635-6 from Sigma Chem Co. 


(contains O-Toluidnine 6% w/v in glacial acetic acid. 


? 
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Glucose standard solution, stock No 635-100 from Sigma Chem. 
Co. Standardized at 100mg/100m1 with benzoic acid added as 
preservative. 

Procedure 
Label three or more test tube: blank, standard, test 1, test 
ameetc. 
To blank add 0.iml water. To standard add 0.1ml glucose 
standard solution (stock No 635-100). To test add 0.iml 
serum. 
To each test tube add 5.0ml O-Toluidine reagent (stock No 
635-6), mix by lateral shaking. 
Put all tubes into a vigorously boiling water bath for 
exactly ten minutes. 
Quickly remove all tubes and cool to room temperature by 
placing in tap water for approximately three minutes. 
Transfer contents of tubes to cuvets and read absorbance of 
standard and test at 635nm, using blank as reference. 
Compiete readings within thirty minutes. 
Calculation: glucose(mg/100m1)=test/standard x 100. 

A coefficient of variation of 5.4% was obtained for 10 
replicate assays of a serum sample. A glucose levels 
equivalent to concentrations of 0, 50, 100, 150, 200 and 


250mg/100m1 yielded a correlation coefficient of 0.99. 
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C. Lecithin cholesterol acyl transferase 

Principle 
The enzymatic decrease of free cholesterol content in serum 
is caused by the LCAT reaction. 

Instrument 
Spectrophotometer capable of measurements at 240nm. 

Water bath at 37 degrees berets: 

Reagents 
Identical to those used in the determination of free 
cholesterol. 

Procedure 
Pipette 0.05m! of sample into the bottom of the test tube 
and incubate 40min. at 37 degrees Celcius. Measure 
absorbance at 240nm as described in the method of 
cholesterol determination. This is absorbance E2. 

Pipette 0.05ml of sample into the bottom of the test tube 
and measure absorbance at 240nm as described in the method 
of cholesterol termination. This is absorbance £1. 
Calculation: initial rate of esterification (IRE) 

HREM WWE SUB ON ET A ~ 1501 4/7) 

LCAT nmol/li/hr = IRE(%/hr) X Total Free Chol.(mg%) X 
130/5.04 Where 130/5.04 is a constant for transforming the 
level of cholesterol in mg& to nmol. 

A coefficient of variation of 8.1% was’ obtained for 10 


replicate assays of a serum sample. 
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D. Lipoprotein: LDL-Chol and VLDL-Chol 

Principle 
Each class of lipoprotein has a different density, thus each 
lipoprotein will float on his gradient density. 

Instrument 
Spectrophotometer capable of measurements at 240nm. 
Water bath at 37 degrees Celsius. 
Centrifuge. 
Ultracentrifuge: model used was a Beckman (Model L) with a 
type 50 fixed head rotor. 
Reagent 
Sodium choloride NaCl. 
Ethylenediamine tetraacetic acid, EDTA.Na2. 
Sodium hydroxide, iN. NaOH. 
Sodium bromide, NaBr. 

Preparation of solutions 
Density 1.006 gm/ml solution: 11.40 gm of NaCl and 0.1 gm of 
EDTA.Na2 are added, and the solids are dissolved by mixing, 
The flask is filled to volume and three ml of additional | 
water are added. 
Density 1.182 gm/ml: 24.98 gm of NaBr are added to i100 ml of 
the above density 1.006 solution. 

Procedure 
Pipette two ml of serum into ultracentrifuge tubes. One 
milliliter of density 1.006 solution is layered over the 
surface. The tubes are centrifuged in the rotor at 20,000rpm 


(26,000g) without refrigeration for 30 minutes. This is spin 
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one, and a fraction which may operationally be defined as 
“chylomicrons and particules" is floated to the top of the 
tube. 

A Pasteur pipette is used to removed the top one ml. from 
the first centrifuge tubes. 

The two ml. infranatant solutions from spin one are again 
overlaid with one ml of density 1.006 solution and 
centrifuged 16 hours at 41,200 rpm (114,000g) with 
refrigeration of 4 degrees Celsius. This is spin two and the 
top one ml contains lipoproteins VLDL-Chol which is removed 
by a Pasteur pipette. 

The bottom two ml of spin two are mixed to disperse the 
gelatinous material at the bottom of the tubes, because this 
is rich in lipoproteins. One ml of density 1.182 solution is 
added and the tube is mixed. The tubes are centrifuged 
20hours at 41,000rpm (114,000g) with refrigeration of 4 
degrees Celsius. This is spin three, and its top one ml 
contains the LDL-Chol fraction. 

The level of cholesterol and esterified cholesterol are 


measured as described in part A of this appendix. 


E. Lipoprotein HDL-Chol 

Principle 
Heparin and manganese chloride (MnCi2) are added directly to 
the serum to precipitate LDL-Chol and VLDL-Chol leaving 


HDL-Chol in solution. 
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Instrument 
Spectrophotometer capable of measurements at 240nm. 
Water bath at 37 degrees Celsius. 
Centrifuge. 

Reagents 
Heparin from porcine intestinal mucosa from Sigma Chem. Co. 
Sodium chloride, NaCl. 
Manganous chloride, MnCl2. 

Preparation of solutions 
Sodium chloride solution (0.15M): dissolve 0.877gr. of NaCl 
in water and make up to 100m]. 
Heparin: dilute heparin with 0.15M NaCl, final concentration 
5, 000U/1. 
Manganous chloride: dilute manganous chloride with water, 
final concentration 92mmol/1. 

Procedure 
Pipette 0.5ml of serum into a smail test tube. Add 0.025m!1 
of heparin (5,000U/m1) and mix well. Then add 0.025m1 of 
MnC12 solution and mix immediately. 
Let the prepared samples stand at room temperature for 30 
minutes. Then centrifuge at 800g for ten minutes at 4 
degrees Celsius. 
The clear supernatant is the HDL-Chol solution. 
The level of cholesterol and esterified cholesterol are 
measured as described in part A of this appendix. 

This method had shown level values of 3.3% higher than 


those of recovered sample sample after spin three of 
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F. Triglyceride 

Principle 
Triglycerides are extracted from serum with isopropanol. 
Interfering substances, including glucose, phosphatides and 
bilirubin are removed by a solid absorbant. The 
triglyceride-containing extract is then subjected to the 
Following reactions: 
1.Triglycerides plus KOH gives glycerol plus fatty acid. 
2.Glycerol plus periodate gives formaldehyde. 
3.Formaldehyde plus NH4+ plus acetylacetone gives 
diacetyldihydrolutidine. 
The final product, diacetyldihydrolutidine, is yellow, 
exhibiting maximum absorbance at 410nm. 

Instrument 
Spectropholometer capable of measurements at 410nm. 
Water bath at 60 degree Celcius. 
Centrifuge. 

Reagents 
Triglyceride purifier, stock No 405-8, preweighed vial 
containing 0.8gr of activated alumina, from Sigma Chem. Co. 
Isopropanol anhydrous, stock No 405-7, from Sigma Chem. Co. 
Triolein Standard, stock No 405-10, contains 300mq triolein 
dissolved in 100ml anhydrous isopropanol, from Sigma Chem. 


Go,. 
Potassium hydroxide, iN, stodk No 405-1, from Sigma Chem. 
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Co" 
Acetic acid solution, 2N, stock No 405-12, from Sigma Chem. 
Co. | 
Sodium m-Periodate in preweighed vial of 125mg, stock 405-9, 
from Sigma Chem. Co. 
Ammonium acetate solution ,2M, stock No 405-2, from Sigma 
Chem. Co. 
Acetylacetone, stock No 405-4, from Sigma Chem. Co. 
Preparation of solutions 
Periodate solution, prepare by reconstituting a vial of 
sodium m-periodate, stock No 405-9, with 50m1l acetic acid 
solution, stock No 405-a2. 
Color reagent, prepare by mixing: 20m] ammonium acetate 
solution (stock No 405-2), 40m1l isopropanol anhydrous (stock 
No 405-7), 0.15ml acetylacetone (stock No 405-4). Aging is 
required, by permitting the color reagent to stand 
overnight. 
Procedure 
PeSEXtraction 
Label three of more triglyceride purifier preweighed vials 
(stock No 405-8) as follows: blank, standard, test 1, test 
ZiT EtCs 
To blank add: 5.0ml isoporpanol (stock No 405-7) and 0.2ml1 
water. To standard add: 4.8m1 isopropanol (stock No 405-7), 
0.2m1 water and 0.2m] triolein standard (stock No 405-10). 
To test add: 5.0m] isopropanol (stock No 405-7) and 0.2m] 


serum. Swirl tube gently while adding. 
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Shake with a mechanical mixer, or manually, for least 5 
minutes (longer time not harmful). Allow vials to stand for 
a few seconds until absorbant starts to settle. To 
Facilitate separation of fluid from solids in the following 
step, give each vial a single sharp snap with the wrist 
while grasping the capped vial from the top. This will tend 
to wash most of the solids down to the bottom of the vial. 
Centrifuge at about 3,000 rpm for 5 minutes at 4 degrees 
Celsius to obtain a clear supernatant. 

fly saponi fication 

Label three or more screw-cap tubes as follows: blank, 
Standard wrest aq~test.2;jetc:. 

Carefully transfer 2.0m!l of clear supernatant to the 
correspondingly labeled tube. Into each tube, pipette just 
above the liquid level: 0.5ml iN KOH. Mix by swirling. 
Incubate all tubes 60 degrees Celcius for five minutes. 
Remove tubes from water bath and cool to room temperature 
with tap water for 2-3 minutes. 

III. Oxidation 

To each tube, add 0.5m! periodate solution, mix immediately 
after each addition. Start timer after each addition to the 
first tube and note interval between additions. 

IV. Color development 

Ten minutes after addition of periodate solution to the 
first tube add to each tube: 3.0ml color reagent this should 
be done at approximately the same rate at which the 


periodate solution was added. Mix each tube after every 
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addition. 
Cover tubes and place in 60 degree Celsius water bath for 30 
minutes (srew-cap should be loosened to prevent pressure 
increase during incubation). 
Remove tubes from water bath and cool to room temperature 
with tap water for 2-3 minutes. 
Transfer contents of tube to correspondingly labeled cuvets. 
Set blank to zero and read absorbance (A) of standard and 
test at 410nm. 
Calculations: Triglycerides (mg/100m1) equal A test/ A 
standard X 300. 

A coefficient of variation of 5.4% was obtained for 10 
replicate assays of a serum sample. A triglyceride levels 
equivalent to concentrations of 07°75, 1150, 22577300 land 


375mg/100m1l yielded a correlation coefficient of 0.99. 


Gr-urac acid 
Principle 
Uric acid undergoes oxidation to allantoin through the 
action of uricase. The decrease in absorbance at 292nm is 
proportional to°uric acid concentration. 
Instrument 
Spectrophotometer capable of measurements at 292nm. 
Reagents 
Glycine buffer solution, 0.6mol/li, pH 9.4, stock No 292-6 


from Sigma Chem Co. 


Uricase enzyme suspension (hog liver) in ammonium sulfate 
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solution, activity 0.2-0.4U/m1 (stock No 292-8), from Sigma 
Chem. Co. 

Procedure 
Pipette into a test tube 0.2ml1 of serum, 1.0m1 of glycine 
butter: solution. (stock No 292-6). 6.0ml water and mix well. 
Pipette into each of two test tubes: 3ml of mixture prepared 
in the previous step. Label one blank and the other test. 
Pipette into blank 0.05ml of water and mix well. Pipette 
into test 0.05ml of uricase enzyme stock No 292-8, and mix 
well. Allow both to stand at room temperature for 15 
minutes. 
Set spectrophotometer to wavelength of 292. With the blank 
in the lightpath adjust the instrument to read 0.400 
absorbance. Place the test in lightpath and record its 
absorbance. Wait approximately five mimutes. Again adjust 
instrument to read 0.400 with the blank in the lightpath. 
Record the absorbance of the test again if absorbance has 
decrease, repeat reading intervals until constant. Record 
this reading ae final absorbance. 
Calculations: Delta A equai 0.405 minus final absorbance, 
and serum uric acid (mg/100m1) is equal to delta A by 50. 

A coefficient of variation of 6.3% was obtained for 10 


replicate assays of a serum sample. 
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ta 


A. Subjects training 

Each subject had to keep a weekly record of his 
activity in the YMCA attendance book. The change in activity 
rate was determined by the questionnaire "Your Activities" 
(appendix A). 

A typical lesson of one hour included a period of warm 
up, flexibility, muscular strength and endurance, aerobic 
exercise, recreational games and a cool down as described in 
the YMCA Shape Up Fitness Instructor’s Manual For Canadians. 
Many times during the lesson the subjects were asked to 
check their heart rate in order to be within their target 
zone. 

The warm up included: walk (continuous, on toes, heels 
and sides of feet), neck circles, arm circles, trunk 
circles, fencer’s lunge, and light jogging. 

The flexiblity included: side bends, hamstring stretch, 
shoulder extension and calf stretch. 

The muscular strength and endurance included: push ups, 
si ttingeknee: trucksy4 jumping Wacks ,%ehesteradsess “side 
raises. The first three parts last 15 to 25 minutes, and 
also included lifestyle information and discussion. 

The aerobic component included jogging and recreational 
games for 20 to 35 minutes. 

Finaly the cool down component included: walk, neck 
circles, shoulder circles, standing Knee lift, alternate toe 
toucn, lie on floor and relax. The cool down period was 10 


to 15 minutes. 
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The heart rate during a lesson period was checked by an 
“exercimeter" and it was observed that the subjects had an 
heart rate within their target zone during the aerobic 
component. 

In the first two lessons a special emphasis was put on 
the Knowledge of aerobic fitness, the measurement of pulse 
rate, the target heart anda having them obtain their own 
values. The aerobic component of these classes lasts about 
15 minutes and was mainly composed of walk-jog activities. 
In the following two weeks, the aerobic component increased 
to about ten minutes jogging and ten minutes of aerobic 
games. From the fourth week, the aerobic component included 
a minimum of fifteen minutes of jogging and ten minutes of 
games. From the ninth week, the aerobic exercise lasted 
about twenty minutes and the aerobic games fifteen minutes. 
During these activities the subjects were often asked to 
check their heart beat and it was observed that about 15 
percent of the class was below or higher than their target 
heart rate, but it was not always the same subjects who were 
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Scio levs = TIME Tr. = TREATMENT 


A. Analysis of variance normal grouping 


SOURCE SUM OF DEGREES .OF MEAN F TAIL 
SQUARES FREEDOM SQUARES PROB. 
Total body weight 
SEK yi pa sme 1 Sloss i4.64 0.0005 
TREATMENT 7188.8 Z 394.4 dene. OL 3375 
Set. 584.9 2 292.4 83 0.4444 
ERROR 1292676 Sho) So2e2 
TIME OP Oy 1 Ora 07 OnOg 0.7998 
pror O23 1 01323 O20 0.6597 
Penh OR ea Z 0.060 0.04 0.9638 
ert. TOS 7 2 0.928 O57 0257732 
ERROR 57.490 35 1.642 
Percent body fat 
SEX 52 2s | Deens 6.01 020193 
TREATMENT 93.9 2 46.9 0.54 DoS ewi2 
Sean. 40 7 2 20a 23 0.7924 
ERROR S0g9e2 35 86.8 
TIME 0,234 1 0.234 0.86 0.3608 
TSs O55 1 O2059 O20 0.6542 
Tie abr 0.379 2 CE ere! 0.69 0.5063 
Beli 0.056 2 0.028 Ova @ 0.9028 
ERROR 9.554 35 G227.3 
Total activity min/2wk 
SEX 6156 az 1 SS) og eins Om dee 
wee Zhe se 2 105894. 4 2529 0.58 
Sha 48801.3 2 24400.6 O08 0.5941 
ERROR TOF 5Ce Meo chs 46160.6 
TIME 131836.4 1 131836.4 8.58 0.0060 
ite 17881.0 1 11 Soa. Po t6 0.2662 
se ee 244446.7 2 Po2223a0 jie) 0.0014 
ios: 51607. 0 ze 26803 n0 ae! 0.1686 
ERROR Do (ote Shs 153i 
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SOURCE SUM GF DEGREES SOF MEAN E TALL 
SQUARES FREEDOM SQUARES PROB. 
Post exercise heart rate 
SEX 547.4 1 547.4 1.48 O25 
TREATMENT Cia? 2 DEG 0.06 0.9384 
Sisal as 1401.9 2 700.9 1.89 OFtoeK 
ERROR 12979.2 35 SHOR 
TIME 3890.3 | 3690.43 So 20 0.0000 
oS 50a i SU ne ae 0.2986 
i. ER IAS 2 40558 See! @ 0.0000 
Eee or 194.2 2 OF 74 Dee es Oe iaaee! 
ERROR 1596.6 O15 a26 
Predicted VO2 MAX 
SEX “SEG. 3 j TRS aS ta. 63 0.0004 
TREATMENT Neo. pi 65.4 th Sa OP2827, 
She. a2 2 23.6 0.48 OT 6257 
ERROR HiSG 35 49.7 
TIME Gn to { 65.4 bo. 31 0.0000 
ie. S G5 04 1 0.04 0. Of 0.9426 
rir 24, 54 2 Ae oy Tule 0 OG02 
ParrsS 3. 97 2 1.38 ib Aken 0.1793 
ERROR $3.45 a5 feo) 
systolic blood pressure 
SEX 10299 | 1029.2 Sa fe O0222 
TREATMENT 1126.3 2 200 Coed C0560 
Soh: ie 2 Br38 0.49 0.6192 
ERROR 6290.9 35 LAS 7 
TIME pe ais: 1 Lhe sHlele @. 0227 
ES: ee | ae! 0.27 0.6038 
Pour toc. 2 69.4 3.34 0.0469 
te ok 84.4 2 42.0 27.03 0.1469 
ERROR 125.9 35 20.7 
Diastolic blood pressure 
SEX 718025 | 780.8 48 0.0040 
TREATMENT fey Aa 2 Gaa5 4.04 6. S733 
SUF. 249.6 2 ,2458 m3 Ore oo9 
ERROR 2884. 1 35 82.4 
TIME 294.2 j 294.2 20.0 0.0000 
Sates at, { HAG Oo G..4537 
jae 59 ail 2 2955 2.89 0.0692 
4 by A Peo 36.4 2 1op2 jee feel 0, 1684 
ERROR 35/29 35 102 
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SOURCE SUM OF DEGREES: OF MEAN F PALE 
SQUARES FREEDOM SQUARES PROB. 
Total calorie intake 
SEX 2674712 1 2674712 7.80 0.0084 
TREATMENT 2462445 2 i2ot2e?2 S259 0.0381 
Sal ha 364019 2 1820093 G53 045926 
ERROR 11994896 35 342711 
TIME 43615 1 43615 0.39 025358 
\Wecy TO275 1 10275 0.09 Oar Ges 
AAS 143926 2 71963 0.65 05063 
Held sox BOs02 2 19776 OFA? 0.8427 
ERROR 3903220 35 al S20 
Total fat intake 
SEK 200393 1 200083 De Oo UaZOS 
WREAIMENT 5387501 2 266795 2% 38 Oe O72 
Sei: 2147.4 2 Lotsa 0.95 0.3960 
ERROR 394972 35 1W26%5 
TIME 22545 1 22555 0.40 U,o269 
tes: Vente 1 ‘peas Oa G2 Ue 8851 
tTF 1989.4 2 994.7 tacts OF b6Z5 
Porirs SD : 780 27 2 390.4 O70 0.5028 
ERROR 19486.5 50 95658 
Total saturated fat intake 
SEX 528 1 528 169 0.1807 
TREATMENT 993 2 497 ie ae: 0.1884 
Sar: 1025 2 Bile ifease 054789 
ERROR 9923 35 283 
TIME 12 1 ieee Cai9 0.6627 
HaSt x6 1 (hens, O10 024580 
ee ee 463.8 2 23t 29 Caco 0.0652 
Pee aoe 5825 2 2942 Oss? 0.6920 
ERROR 2748.9 oh) (chs) 
Total PUFA intake 
SEX OPS (2 1 Gab 72 0.04 0.8380 
TREATMENT 94.479 2 47.240 SoU 0.0412 
Sime: bOOSEe 2 257029 +285 ol Rae 
ERROR A285 32 35 137500 
TIME Bea 1 She hay Teoul Ov2123 
Laos 6.624 1 6.241 13°46 0.2896 
eile 26.548 2 13P2 08 2.46 G2 T0G4 
lie eepee 22.042 2 177081 2.04 0.1450 
ERROR 188.915 35 b¥SEt 
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SOURCE SUM OF 

SQUARES 
Total cholesterol intake 
SEX 32676 | 
TREATMENT 334608 2 
Saver. 325565 2 
ERROR 4097581 AS 
TIME 1414 | 
ior 1047 | 
3 es an 162059 2 
eet. S 85894 2 
ERROR 2369267 35 
Blood glucose 
SEX Ae. 50 | 
GREATMENT 563984 2 
SKU: 119215 2 
ERROR 6447.06 35 
TIME 14 1 
fda 1.062 1 
ives 59,547 2 
a lee 9.685 2 
ERROR bOG. Ao oS) 
Serum uric acid 
SPX 19.9 { 
TREATMENT 4.9 2 
Sarre. Om 2 
ERROR 113.4 oo 
TIME 0.320 | 
eS. OeaT 3 1 
1 ig @ G.35S 2 
A 1G cae OyZo2 2 
ERROR EOS 35 
Total plasma cholesterol] 
SEX 269614 1 
TREATMENT 448.4 2 
She. 113635 2 
ERROR 26524.9 6) 
TIME 19-40 1 
coe 6. 38 1 
rare: Sees 2 
PSE eS: Seeon 2 
ERROR 660.88 Sis 
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SOURCE SUM OF DEGREES OF MEAN F TALL 
SQUARES FREEDOM SQUARES PROB. 
Total free cholesterol 
SEX OAS a { Bye oul 4,72 050367 
TREATMENT 562.6 2 28154 Dae 2 0.4834 
Sar; 125.2 2 62,9 0.52 U6 008 
ERROR 4249.2 BS Vane 
TIME 26,028 1 26,072 Ae 0.0343 
TS: Oe te { G 242 0705 0. 8282 
TP. 8.964 2 4,482 0783 0.4427 
ee 5; 0.289 2 0.444 0,03 OSH SiS 
ERROR 188.069 35 Spey ce! 
fetal HDb=Chod 
SEA 116.0 1 J feSeas: oe OU Chae ras! 
TREATMENT 182.5 2. Ors ae, 0.1967 
Soir. Vase P Som O27 0.4985 
ERROR 1874.5 25 5Si5 
TIME 0.527 1 0,527 C2 0.6089 
eS 0.005 1 0.005 0.00 0.9593 
ee Bc 1.687 2 G7693 0235 0.7068 
Por. S.. 6.088 2 3.040 oo 0.2294 
ERROR 69.283 35 1,979 
Total HDL free cholesterol] 
SEX 22565 1 22505 0.99 0.3269 
TREATMENT 3.1598 2 15.96 0.69 075082 
STP. 75.99 2 38.00 1.64 2079 
ERROR 809.37 35 PG eo 
TIME 1.494 { 1,495 1.41 0.2427 
pe 0.066 j C2066 0-06 0. 803i 
POUR. 0.408 2 0.204 0.19 0.8254 
Terns 6.930 2 t.965 ees) s) eS a 
ERROR Sis eS 1058 
Toba) TEDL-Chot 
SEX 862%. 2 1 3627 a2 St 0. C2 
TREATMENT 1307.4 2 653.80 1.04 0.3640 
Stag Be 2240.8 2 143534 8 1 0. 2492 
ERROR 21993.7 25 62854 
TIME 6.2306 | 6.306 0758 0.4522 
2Si 0. 224 1 Gages 0.04 0.9158 
(een poe AD 152 ag ZR OS 1.93 0. 3600 
OTR .S; 774A Ds Semen Ae 0.35 0.7038 
ERROR Sot c56 35 105970 
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SOURCE SUM OF DEGREES OF MEAN F enge 
SQUARES FREEDOM SQUARES PROB. 
Total LDL free cholesterol 
SEX Soone 1 353.4 00 0.0644 
TREATMENT 342.7 2 171.4 als 0.7655 
TEs 9836 2 48.3 0.51 0.6056 
ERROR S30 re 3D 96.9 
TIME 16.443 1 16.443 6.46 0.0156 
I ioe rhe 1 Pi 0.33 0.3686 
Tier 0.399 2 Oooo 0.08 0.9249 
MEDS.S 101 1 2 07305 One Osi su 
ERROR 89 ..099 35 22545 
foetal VUDL-Chol 
SEX (isu 2 1 I Ste20 is O230S5 
TREATMENT 3.4 2 eel’ O02 0.9842 
Se ae 20n9 2 1266 Ont2 0.8887 
ERROR 314307 0 106.96 
TIME 0.802 1 0.802 0.26 OF shoo 
LS 8.249 1 8.249 2.64 Oras 
Weer’. 2.663 2 ieeo oil 0.43 0.6563 
teers o8 3.074 2 een! 0.49 0-665 
ERROR 109.296 35 Sehoe 
VLDL free cholesterol 
SEX 1 35 1 1S 5 0.90 0.3499 
TREATMENT 1205 2 Gee2 0.04 079562 
Sue 1.74 2 Hee 0.07 0.93418 
ERROR 676.34 35 19,32 
TIME 0.866 1 0.866 Tedd 0.3038 
Rod 07.007 1 0.007 O20; 029220 
ecEP:. 1.686 a 0.843 ee 6 0 .eo us 
Lah as O.a126 2 0.063 0.08 0.9241 
ERROR 24.845 35 0795 
BC Av esERE 
SEX 36.40 1 36.40 4.10 0.0505 
TREATMENT O294 2 0.45 0.05 0.9501 
Sere 14.80 2 1238 O88 4431 
ERROR Conte. 35 Geov 
ave apace \ | 1 aoe | 6.54 O00 5¢ 
ecSe Os 109 1 0.109 O30 O75 065 
aS sat 071559 2 0.280 0.78 0.4676 
cal Papo 12508 2 0.780 oat 0.1289 
ERROR 12.609 35 0.360 
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SOURCE SUM OF 
SQUARES 
LCAT activity 
SEX 10562 
TREATMENT 544 
Sate: 1106 
ERROR 66361 
TIME 268 
eee 41 
5 eed ae 107 
Tote. Ss 364 
ERROR 2991 


B. Analysis of variance grouping by HDL-Chol 


SOURCE SUM OF 
SQUARES 
fovea HDL-Chol 
SEX 197.2 
TREATMENT 19022 
S. ir. 72.8 
ERROR S739 
TIME 0.148 
eS 0.048 
ran: heet22 
eee St Cea 
ERROR 67.030 
HOLZEDE-Chol, Ratio 
SEX 0. 107 
TREATMENT 0.057 
Seat 0.056 
ERROR Ome t2 
| IME 0.000 
haS% 0.000 
T.7r 0.003 
leathyns 0.000 
ERROR 0.004 
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SOURCE SUM OF DEGREES OF 
SQUARES FREEDOM 
Portas veo e-Chol 
SEX 3529.7 1 
TREATMENT 135975 2 
Solr 207186 2 
ERROR ZAP RAE 35 
TIME laeers 1 
eee Ted } 
eke bowed Z 
Ee Ses 29.60 2 
ERROR so0wg4 eo 
BEDE sTotal cholesterol 
SEX 0.018 1 
TREATMENT 0.009 2 
oir OF007 2 
ERROR 0.070 SiS 
TIME 0.000 { 
Tess 0,000 1 
Wee VRS Oa0 Cal 2 
Wakes S O400.0 2 
ERROR 0.001 S5 
Total serum cholesterol 
SEX 242650 1 
TREATMENT Sela 2 
Shit. 898.0 2 
ERROR 205 50nee SO 
TIME 7245 | 
hiss, Dace 1 
ile Re. 2 aee Z 
Wee s Se 57.40 2 
ERROR Bi 70a t9 hs 
Total activity min/2wk 
SEX 14219 { 
TREATMENT 251505 2 
See 14336 2 
ERROR 1620878 35 
TIME 141962 1 
leese 2627 1 1 
iene 321787 2 
le hier 69796 2 
ERROR 461229 35 
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Percent body fat 


SEA 546 
TREATMENT a 
Soir 158 
ERROR 2951 
TIME dy 
eee 0. 
Tote OF. 
UP hemes: 0. 
ERROR g, 


SOURCE SUM OF 
SQUARES 
Predicted VO2 max 
SEX 861.64 
TREATMENT P3a09 
Se ihn Be 292 
ERROR fEA028 4 
TIME 61.93 
| aS 0.03 
eokrs 26/06 
iV ad abo 3,42 
ERROR 39732 
Total calorie intake 
BEA 3299898 
TREATMENT 851860 
Sra Mae 449586 
ERROR 13549914 
TIME P3050 
ees: 5622 
ee bP 135446 
(ht © pace 22399 
ERROR 3919967 
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A. List of abreviations 


APO Al: apolipoprotein A-I 
APO All: apolipoprotein A-II 
APO B: apolipoprotein B 

CVD: cardio-vascular disease 


CE: cholesterol ester 


HDL-Chol: high density lipoprotein 


LCAT: lecithin cholesterol acyl transferase 
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LCAT IRE: lecithin cholesterol acyl transferase initial rate 


of esterification 

LDL-Chol: low density lipoprotein 
LPL: lipoprotein lipase 

LPP: lipoprotein 

OGTT: oral glucose tolerance test 
PUFA: poly-unsaturated fatty acid 
SiFs standardized test corr ft itiness 
SUA™ serum Uric acta 

TG: triglyceride 


UC: unesterified cholesterol 


VLDL-Chol: very tow density lipoprotein 


VO2 max: maximum oxygen intake 
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B. Terminology 


Apolipoprotein: a protein with the major function is their 

ability to stabilize lipids micelles during the transport in 
blood and chyle; some of the apolipoproteins have been found 
to have specific physiologic functions as enzyme activators. 


Atherosclerosis: a marked deposition of lipids in the inner 
layer of aterial walls, resulting in formation of elevated 
fatty fibrous plaques. 


Cholesterol: a white, waxy, crystalline organic alcohol; a 
universal tissue constituent, present in all animal fats and 
Stiseinebile; sbraanstissuesand’blood? filets found in 
deposits in the vessel walls in atherosclerosis. 


Foodstyle: refers to quality and quantity of foods intake 
and also to time repartition of these. 


High density lipoprotein: approximately 50% of the HDL-Chol 
mass is protein (APO AI and APO AII are the major protein), 
the other major constituents are cholesterol and cholesteryl 
esters (about 20%) and phospholipids(about 30%). 


Lipoprotein: the plasma lipoproteins may be divided into 
Four ‘major classes: chylomperons, VEDE-Chol, LDL-C€hol, and 
HDL-Chol; they have different physical properties in 
diameter, molecular weight, hydrated density and mobility; 
they have different chemical properties in protein, 
triglyceride, cholesterol and phospholipids. 


Lipoprotein lipase: is an enzyme that hydrolyses 
triglyceride contained in the triglyceride rich 
lipoproteins, chylomicrons and VLDL-Chol. This hydrolysis 
occurs following the attachement of these particles to the 
capillary endothelial cells. 


Lecithin cholesterol acyl transferase: enzyme which 
catalyses the conversion of lecithin and cholesterol to 
lysolecithin and cholesteryl ester. It is assumed that 
HDL-Chol is the major substrate for LCAT reaction and that 
virtually all of the plasma cholesteryl esters are formed in 
the plasma HDL-Chol. 


Low density lipoprotein: they transport about two thirds of 
the serum cholesterol, and in diseases when serum 
cholesterol is increased, LDL-Chol are usually elevated. 
Apolipoprotein B comprises approximately 25% by weight of 
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Maximum oxygen intake: the highest oxygen intake that the 
individual can attain during physical work breathing air at 
sea level. 


Normolipidemic: refers to individuals with normal level of 
serum lipids including the age and sex factors. 


Oral glucose tolerance test: after an overnight fast the 
subject ingest a pre determined quantity of glucose. Blood 
glucose and plasma insulin are determined at regular 
intervals before and for 120 min during the test. 


Serum uric acid: in humans, the ultimate catabolite of 
purines is uric acid. Uric acid is mainly excreted in the 
urine. 


Triglyceride: the basic unit consists of a molecule of 
glycerol in ester bond with three molecules of fatty acid; 
it serves as the major storage form of fatty acids and is 
practically the exclusive constituent of adipose tissue. 


Very low density lipoprotein: in the absence of chylomicrons 
the major portion of the serum triglyceride are transported 
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